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ADVERTISEMENT. 


A  class  book  that  should  comprehend  in  regular  orderj 
the  text  of  what  is  delivered  in  lectures,  and  what  is  ex- 
pected from  the  candidate  at  examination,  is  a  thing  alto- 
gether so  desirable  for  Professor  and  Student,  that  I  had 
contemplated  the  compilation  of  such  a  work  for  the 
use  of  ray  pupils  in  this  University,  when,  very  oppor- 
tunely, I  received  Mr.  Brande's  Manual.  Having  pe- 
rused this  well  arranged  outline  of  a  course  ofChemistiy, 
I  deemed  my  projected  undertaking  unnecessary ;  and 
yet,  I  could  not  adopt  his  book,  nor  reconunend  it  to  my 
class  entirely  in  the  shape  he  gives  it.  The  atomic 
theory,  as  delivered  by  him,  differs  considerably  from 
the  view  I  take  of  it;  and,  as  I  hold  this  to  be  the  ex* 
ceptionable  part  of  Mr.  Brande's  otherwise  excellent 
performance,  it  only  remained  for-me  to  change,  or  as  I 
would  fain  say,  amend  it,  in  that  particular.  It  is  ea- 
sily seen  that  his  specific  gravities  and  atomic  weights 
are  frequently  inaccurate :  nor  is  the  error,  perhaps, 
entirely  accidental.  Representative  numbers  recently 
determined  in  a  very  satisfactory  manner  are  still  given 
by  Mr.  Brande  as  they  were  represented  five  or  six  years 
ago,  although  Dr.  Prout,but  more  especially  Dr.  Thom- 
son has  demonstrated  that  they  required  correction.  The 
latter  has  clearly  proved  that  the  atoms  of  the  simple 
bodies  nitrogen,  oxygen,  chlorine,  carbon,  sulphur, 
phosphorus,  iodine,  are  even  multiples  of  the  weight  of 
an  atom  of  hydrogen.  He  has  also  shown  that  when 
hydrogen  is  made  the  unity  of  weight,  and  oxygen  the 
unity  of  specific  gravity,  then  the  weight  of  the  atom 
of  a  gaseous  body  is  either  equal  to  the  specific  gravi- 
ty, or  some  multiple  of  the  same  by  a  whole  number. 


IF 


If  the  specilSc  gravity  of  oxygen  be  1»  that  of  hydro- 
gen will  be  0.0625^  which  X  by  2  «  0.125,  weight  of  the 
atom  of  hydrogen*  In  most  cases  of  this  kind  the  atomic 
weight  is  double  the  specific  gravity ;  in  a  few,  however, 
twice  2  is  found  to  be  the  proper  multiplier:  the  reason 
of  this  difference  is  not  very  obvious ;  but  in  the  first 
the  combination  is  most  energetic.  See  the  table  add- 
ed, p.  161, 

In  consequence  of  these  vie  W8»  the  representative  num* 
bers  for  the  elementary  and  .compound  atoms,  through^ 
out  the  whole  work,  have  been  altered  to  correspond 
with  the  results  of  the  latest  discoveries  and  improve* 
ments.  Almost  all  the  notes*  likewise*  are  additions ;  In 
other  respects*  and  wherever  the  investigations  of  Mr. 
Brande  himself  are  given  as  authority,  the  text  has 
suffered  no  change.  But  intending  the  manual  only 
for  a  class  book  and  text  of  ray  lectures,  188  pages  of 
preface  have  been  left  out  and  102  pages  of  index 
abridged  to  two.  The  first,  though  well  composed, 
could,  in  this  instance,  be  the  better  spared,  as  it 
is  but  an  enlarged,  though  in  several  particulai*s,  an  im* 
proved  version  of  the  author's  earlier  dissertation  on  the 
progress  of  chemical  science,  of  which  an  edition  from 
the  Boston  press  must  be  already  known  to  the  Ameri- 
can reader.  A  wish  to  avoid  making  the  publication  too 
voluminous  to  be  read  in  connexion  with  other  studies, 
or  rendering  the  price  too  high  for  beginners,  induced 
me  to  retrench  what  was,  in  some  measure,  unnecessa- 
ry ;  and,  applying  to  myself  the  same  rule,  I  forbear 
io  lengthen  this  advertisement 

tATm-Forik,  Not.  £0,  1821 . 


PREFACE. 


Though  the  following  pages  are  chiefly  intended  for 
students^  it  is  trusted  that  the  proficient  will  find  them  a 
useful  compendiuni  of  Chemistry. 

The  arrangement  of  the  materials  differs  from  that 
sanctioned  by  our  best  elementary  writerst  but  it  has 
been  adopted  in  consequence  of  some  years^  experience 
of  its  advantages  in  teaching  the  principles  of  the  science. 

In  the  first  chapter*  the  leading  facts  connected  with 
the  general  laws  ot  chemical  changes  are  discussed  un- 
der the  separate  heads  of  Attraction,  Heat,  and  Elec- 
tricity. l*be  second  chapter  relates  to  the  properties  of 
Radiant  Matter,  and  its  influence*  upon  the  composition 
of  bodies.  In  the  third  and  fourth  chapters  I  have  de- 
tailed the  sources  and  properties  of  the  Simple  Sup- 
porters of  Combustion,  and  of  the  Elementary  Acidifi- 
able  Substances,  and  their  mutual  combinations.  The 
fifth  chapter  contains  an  account  of  the  Metals,  and  of 
their  compounds  with  the  bodies  previously  describedj 
and  with  each  other. 

The  sixth  chapter  embraces  such  details  respecting 
the  Assay  and  Analysis  of  Metalliferous  Compoundst 
as  are  necessarily  omitted  under  the  individual  history 
of  the  metals :  in  this  division  of  the  book  I  have  avail- 
ed myself  largely  of  the  invaluable  analytical  labours 
of  Klaproth,  and  have  selected  from  other  sources  such 
instances  as  I  conceived  best  adapted  to  assist  the  stu- 
dent in  acquiring  correct  notions  of  this  department  of 
chemical  study  ;  the  processes  detailed  have,  with  few 
exceptions,  been  submitted  to  the  test  of  experimental 
repetition  in  the  laboratory  of  the  Royal  Institution, 
and  those  which  have  not  been  thus  verified,  are  drawn 
from  sources  of  the  highest  authority. 

In  the  seventh  chapter  I  have  aimed  at  a  succinct  des- 
cription of  the  means  of  analyzing  mineral  waters,  and 
as  their  examination  is  frequently  desirable  where  the 
conveniences  of  a  regular  laboratory  are  not  attainable, 
I  have  subjoined  a  short  account  of  the  tests  and  appa- 
ratus required  in  this  branch  of  research. 


▼1 


Upon  the  subject  of  analysis  in  general,  the  student 
will  find  inexhaustible  information  in  the  writings  of 
Klaproth,  and  m  the  Essays  of  V auquelin ;  the  former 
have  only  been  in  part  transl^rted  into  the  English  lan- 
guage ;  and  the  latter  are  scattered  through  various  pe- 
riodical publications,  especially  the  Journal  des  Mines, 
and  the  Jinnalts  de  Chimie.  The  last  thirty  volumes  of 
the  PhUosophieal  Transactions  are  also  rich  in  detached 
essays,  by  our  most  eminent  diemists,  illustrative  of  the 
art  of  analysis.  A  judicious  selection  from  these  sources 
upon  an  extended  scale  would  be  truly  valuable  to  the 
practical  chemist,  and  would  materially  contribute  to  fa- 
cilitate the  progress  of  our  analytical  inquiries. 

For  general  directions  concerning  the  art  of  analysis, 
and  for  many  useful  and  original  hints  relative  to  the 
manipulations  of  the  laboratory,  I  have  much  satisfac- 
tion in  referring  to  Mr.  Children's  translation  of  the 
fourth  volume  of  M.  Thenard's  Traite  de  Chimie.  The 
reader  will  observe,  that  in  Chapter  Vl.  I  have  availed 
myself  of  this  work,  which  the  student  wUl  do  well  to 
consult  in  detail. 

The  eighth  and  ninth  chapters  are  assigned  to  Vege- 
table and  Animal  Products ;  and  the  concluding  chap- 
ter contains  the  heads  of  Geological  inquiry. 

In  the  Appendix  to  this  work  will  be  found  Ta- 
bles, chiefly  useful  as  presenting  a  synoptic  view  of  most 
of  the  simple  and  compound  bodies,  with  their  represen- 
tative or  equivalent  numbers;  these  may  easily  be  trans- 
ferred to  a  logometric  scale,  as  recommended  by  Dr. 
WoUaston,  who  has  thus  furnished  the  laboratory  with 
one  of  its  most  useful  implements. 

The  principal  materials  of  this  book  have  been  drawn 
from  the  notes  that  1  have  employed  in  my  different 
courses  of  lectures,  and  these  are  partly  original,  and 
partly  compiled  from  various  sources;  although  there- 
fore 1  have  in  most  intances  scrupulously  referred  to  the 
authorities  quoted,  it  is  possible  that  this  may  have  been 
sometimes  omitted,  and  for  such  omissions,  1  now  beg  to 


'^/V/Z/l'^, 
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apologize.  The  systematic  and  elementary  works  that 
I  haye  chiefly  relied  on  for  assistance,  are  the  l^sUms 
of  Dr.  T.  Thomson^  and  of  the  late  Dr.  John  Murray; 
the  TVaite  de  Chimie  of  M*  Thenard;  and  the  Elements  of 
Sir  Humphry  Davy»  and  of  Dr.  William  Henry.  The 
Chemieai  Dictionary  of  Messrs.  Aikin>  I  have  also  often 
consulted  with  advantage  especially  in  relation  to  the 
Chemistry  of  the  Arts.  Dr.  lire's  DictUmary  ef  Chsmi^ 
try  did  not  fall  into  my  hands  till  this  work  was  nearly 
ready  for  publication^  or  I  should  have  availed  myself 
of  the  valuable  informatioa  in  which  it  abounds,  both  ori- 
ginal and  compiled. 

I  think  it  also  right  to  add,  that  much  of  this  work  has 
been  written  in  the  Laboratory,  where  the  results  of  ex- 
perimentshaye  been  immediately  transferred  to  its  pages; 
and  where  I  have  uniformly  received  the  assistance  of  Mr. 
M.  Faraday,  whose  accuracy  and  skill  as  an  operator  have 
proved  of  essential  service  in  all  my  proceedings. 

The  following  description  of  the  ground  plan  (Plate 
I.)  will  serve  to  explain  its  general  arrangement. 

A  is  a  part  appropriated  to  an  audience,  b  is  the  body 
of  the  Laboratory. 

a  llie  entrance. 

b  An  open  chinmey  for  the  reception  of  moveable 
fiu-naces. 

c  A  wind  furnace.    (Plate  IIL,  Fig.  2.) 

d  A  reverberatory  and  assay  ftimace. 

e  A  stove  with  a  sunk  floe,  for  warming  the  Laboratory. 

/A  table. 

g  A  sand  furnace.    (Plate  HI.,  jP^.  1.) 

This  has  lately  been  transferred  to  the  place  of  the 
centre  table  p,  and  communicates  by  a  descending  flue 
with  the  same  chimney. 

h  A  sink  with  a  plentiful  supply  of  water* 

t  A  table  with  cupboards  below  it 

k  A  furnace  for  the  production  of  gas  from  coal,  SCc. 

I  A  (;ast-iron  steam  boiler  for  the  abundant  supply  of 
bot  water,  and  of  steam  when  required. 

m  A  recess  lighted  from  above,  oontaining  a  bellows- 


blowpipe;  and  c6innMmiGating  with  three  flues  nnn^  for 
the  reception  of  the  chinmeys  of  portable  funiaces. 
The  gas  purifiers  also  stand  in  this  recess. 

o  A  forge  fiimace  placed  in  a  similar  recess,  with  flues 
for  occasional  purposes. 

ppp  Tables  with  drawers. 

q  A  gasometer  from  which  tubes  issue  for  the  supply 
of  the  Laboratory,  and  of  the  lecture  room^  with  coal  gas. 

r  A  small  store-room  and  cellar  for  fllel^  STe. 

s  s  Recesses  for  apparatus. 

t  Doorway  leading  to  an  apartment  for  apparatus,  SCc. 

Plate  IIL  contains  a  representation  of  the  most  useful 
furnaces  of  the  Laboratory. 

Fig.  1.  A  sand  furnace ;  a  the  larger  bath ;  h  the  small- 
er onttf  which  may  occasionally  be  removed  for  the  pvr* 
pose  of  employing  the  fire^ace  for  crucibles,  or  of 
mserting  the  boiler  of  a  stilL 

fig.  2.  Section  of  the  wind*fumace  ;  e  Plate  I.  a  is 
a  flue  communicating  with  the  exterior  of  the  building, 
for  the  admisskm  of  cold  air  to  Ulie  fire-place ;  h  the  air- 
hole ;  €  c  two  grates,  the  upper  of  which  may  be  remov- 
ed when  a  deep  fire-place  is  wanted;  d  an  aperture 
which  may  be  closed  by  a  moveable  fire-brick ;  c  the 
chimney;  /"a register. 

JF^.  3.  Knight's  portable  furnace,  made  of  wrought 
iron,  and  lined  with  fire-brick.  It  is  convenient  for  a 
variety  of  operations,  conducted  upon  a  small  scale ;  a  is  a 
door  for  the  passage  of  the  neck  of  a  relprt  when  distilla- 
tion is  performing  in  the  open  fire,  as  seen  in  the  wood-cut 
at  page  120;  &  is  an  aperture  to  which  there  is  a  corres* 
ponding  one  on  the  opposite  side  for  the  admission  of  a 
tube  to  pass  through  the  furnace*  as  shown  at  page  8L 

Fig.  i.  A  portable  assay-furnace ;  a  is  the  mufBe  re- 
presented in  Fig.  5. 

Fig.  6,  7,  and  8,  are  evaporating  basins ;  9,  a  Plati- 
num crucible  and  cover;  10,  II,  Hessian  crucibles;  12, 
13«  14,  li>,  the  principal  varieties  of  tongs  useful  in  the 
Laboralorv. 
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CHAPTER  I. 

OP  THB  ?OWBRS  A9D  PROFERTI£S  OF  MAf  TER,  AND  OF  THE  QKKERAXt 
LAWS  OF  CHEMICAL  CHANGES. 

J.  It  is  the  object  of  Chemistry  to  iavestigaie  all  changes  io  thecoii-Q|.^^l 
stitntion  of  matter,  fvhether  effected  by  heat,  nu'xture  or  other  means.  Cteiiu^. 
Its  general  range,  therefore,  is  so  extensive,  and  the  individual  cases 
requiring  explanation,  so  numerous,  that  Arrangemeni  is  of  the  first 
consequence  to  its  successful  study ;  and,  in  the  present  state  of  our 
knowledge,  it  will  be  found  most  convenient  to  begin  with  the  discus- 
stODS  relating  to  the  general  powers  or  properties  of  matter,  and  after- 
wards to  proceed  tjo  the  examination  of  individual  ^ubstances,  and  to 
the  phenomena  which  they  offer  when  presented  to  each  other  under 
circumstances  favourable  to  the  exertion  of  their  mutual  chemical 
agencies. 

2.  The  powers  and  properties  of  matter,  connected  with  chemical 
changes,  may  be  considered  under  the  heads  of 

1.  Homogeneous  Attraction. 

2.  Heterogeneous  Attraction^  or  Affinity. 

3.  Heat 

4.  Electricity. 

Section  I.    Homogmeous  Attraction* 

3.  Attraction  may  be  regarded  as  acting  at  sensible  and  at  insen- AtmeiiM  4^ 
sible  distances.     In  the  former  case  it  is  called  gravitation.     It  is  ihe*^'**^^*^^^ 
power  by  which  substances  are  propelled  towards  the  earth ;  it  exists  '*^*'* 

in  all  known  forms  of  matter ;  and  it  acts  directly  as  the  mass,  and  in- 
versely as  the  square  of  the  distance  :  Restrained  by  inertia^  it  pre* 
serves  the  planetary  bodies  in  their  orbits,  presides  over  their  move- 
ments, and  tends  to  confer  upon  the  system  of  the  universe  that  con- 
summate  harmony  which  the  genius  of  Newton  has  unveiled. 

4.  Attraction  is  also  exerted  at  insensible  distances,  and  among  the  AttrMtioo  at 
minutest  atoms  of  matter.     It  thus  preserves  the  form,  and  modifies  j^^l*^  ^ 
the  texture,  of  solids,  gives  a  spherical  figure  to  fluids,  causes  th^  a4- 
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hesioD  df  surfaces,  and  influences  the  mechanical  characters  of  bodies  ; 
and,  when  it  operates  upon  c2tmmf7ar  particles,  it  produces  their  union, 
giring  rise  to  new  and  infinitely-varied  productions. 

5.  The  results  of  attraction,  as  relating  to  the  texture  and  forms  of 
matter,  are  influenced  by  the  circumstances  under  which  it  has  taken 
place.  Sometimes  the  particles  are,  as  it  were,  indiscriminately  col- 
lected ;  at  others,  they  are  beautifully  arranged,  giving  rise  to  regu- 
lar and  determinate  figures  :  In  this  case,  bodies  of  the  same  compo- 
sition almost  invariably  afiiect  the  same  form  ;  hence  we  are  often  en- 
abled to  infer  the  composition  of  a  substance  from  accurate  inspection 
of  its  external  or  mechanical  characters. 

6.  The  regular  polyhedral  solids  thus  resulting  from  the  influence 
of  attraction  upon  certain  kinds  of  matter,  are  usually  called  crystals  ; 
and  the  bodies  are  said  to  be  susceptible  of  crystallization. 

7.  To  enable  the  particles  of  bodies  to  assume  that  regular  form 
Conditions  for^^"*^^  chrystals  exhibit,  it  is  obvious  that  they  must  have  freedom  of 
crysuiUM-     motion  ;  and  accordingly,  the  first  step  towards  obtaining  a  body  in  ito 

crystalline  form,  is  to  confer  upon  it  either  the  liquid  or  aeriform  state^ 
The  former  is  usually  effected  by  solution  in  water ;  the  latter  by  ex<» 
posure  to  heat. 

8.  When  common  salt  is  dissolved  in  water,  its  particles  may  be  re-' 
garded  as  disposed  at  regular  distances  throughout  the  fluid ;  and  if  the 
quantity  of  water  be  considerable,  the  particles  will  be  too  far  asunder 
to  exert  reciprocal  attraction  ;  in  other  words,  they  will  be  more  pow- 

'  crfully  attracted  by  the  water  than  by  each  other.     If  we  now  slowly 
get  rid  of  a  portion  of  the  water  by  evaporation,  the  saline  particles 
will  gradually  approach  each  other,  and  they  will  aggregate  according 
to  certain  laws  producing  a  regular  solid  of  a  cubic  form. 
Tho  6gure  in-     9.  The  Fp.gularity  of  this  figure  will  be  influenced  by  the  rapidity  of 
Jidi^^'tfe^Ithe  evaporation ;  ^f  the  process  be  slowly  conducted,  the  particles 
i»oration.        uuitc  With  great  regularity ;  if  hurried,  the  crystals  are  irregular  and 
confused.     In  common  cases,  the  evaporation  may  be  continued  till  a 
pelhcle  forms  upon  the  surface  of  the  solution,  which  indicates  that  the 
Time  for  stop- attraction  of  the  saUne  particles  for  aach  other,  is  becoming  superior 
Sta^raUon.**^  to  their  attraction  for  the  water.     The  formation,  therefore,  of  a  su- 
perficial pellicle  is  the  common  criterion  of  the  fitness  of  a  solution  for 
crystallization ;  but  where  the  object  is  to  obtain  very  regular  and 
very  large  crystals,  the  evaporation  must  be  much  slower,  and  carried 
to  much  less  extent;   even  spontaneous  evaporation,  or  that  which 
takes  place  at  common  temperatures,  must  be  resorted  to. 

10*  There  are  certain  bodies  which  may  be  dissolved  or  liquefied  by 
cry«uh  form-  heat,  and  during  slow  cooling,  may  be  made  to  crystallize.  This  is  the 
J  anon.  ^^^  ^^^j^  many  of  the  metals,  and  with  sulphur.  Some  other  substan- 
ces, when  heated,  readily  iissume  the  state  of  vapour,  and,  during  con- 
densation, present  regular  crystalline  forms  ;  such  as  iodine,  benzoic 
acid,  camphor,  ^c, :  and  in  this  way  crystals  of  snow  are  produced  by 
the  cooling  of  aqueous  vapour. 

11.  Some  substances  are  so  easily  decomposed  by  heat,  and  at  the 
Crpunisft.  same  time  retain  water  with  such  avidity,  that  it  is  impossible  to  crystal- 
cM  wSl?*°^^^^  them  by  any  of  the  above  processes  ;  in  these  cases  crystallization 
conpontion  u  may  sometimes  be  efiected  by  placing  the  solution  under  the  exhausted 
leehic.  receiver  of  an  air-pump,  over  a  surface  of  sulphuric  acid,  which  by  ah- 
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iorbing  the  vapour  as  it  rises,  causes  rapid  evaporation  without  inct^ase 
of  temperature.  ^^ 

12.  The  hardness,  brilliancy,  and  transparency  of  crystals,  ouen  de-    ^^^^ 
pend  upon  their  containing  water,  which  sometimes  exists  in  them  in  t»iii/*tioo7*^ 
laige  quantities.     Thus,  sulphate  of  soda,  in  the  state  of  crystals,  con- 
tains more  than  half  its  weight.     Sulphate  of  lime,  in  its  crystallized 

form,  contains  about  20  per  cent,  of  water,  which  it  loses  at  a  red  heat, 

and  the  crystals  crumble  down  into  the  white  powder  called  Plaster  of 

Paris.     This  is  termed  water  of  erystallizcaian.     Some  salts  part  with 

it  by  simple  exposure  to  a  dry  air,  when  they  are  said  to  effloresce  ;  Kflorescence 

but  there  are  other  salts  which  deliquesce^  or  attract  water  from  the  "nc«'l**"'"*"^ 

atmosphere.     Those  crystals  which  effloresce  by  exposure  to  air, 

may  often  be  conveniently  preserved,  by  slightly  oiling  their  surfaces. 

The  best  method  is,  to  soak  the  crystals  in  oil  for  a  few  hours,  and 

then  to  wipe  them,  and  put  them  up  in  bottles. 

13.  Some  salts,  in  consequence  probably  of  their  strong  attraction 
for  the  water  that  retains  them  in  solution,  cannot  be  brought  to  cry* 
stallizein  the  ordinary  way.  In  such  cases,  crystallization  may  some- 
times  be  effected  by  the  addition  of  substances  having  a  strong  affinity 
for  water,  by  which  its  attraction  for  the  dissolved  matters  is  weaken- 
ed :  thus  alcohol,  added  tcr^certain  aqueous  saline  solutions,  produces 
a  separation  of  crystals,  but  they  are  generally  small  and  indistinct. 

14.  When  two  salts  of  different  solubilities  are  present  in  the  same 
solution,  they  oAen  may  be  separated  by  crystallization,  that  which  is 
least  soluble  constituting  the  earlier  crop  of  crystals. 

15.  Crystallization  is  accelerated,  by  introducing  into  the  solution 

a  nucleus,  or  sohd  body,  upon  which  the  process  begins ;  and  n^anu-^^JJ^jJJlJ'j^^ 
&ctarers  often  avail  themselves  of  this  circumstance.  Thus  we  seeby^S^uiuiV 
j^ugar-candy  crystallized  upon  strings,  and  verdigris  upon  sticks. 
There  are  cases  in  which  it  is  particularly  advantageous  to  put  a  few 
crystals  of  the  dissolved  salt  into  the  solution,  which  soon  cause  a  crop 
of  fresh  crystals  ;  and  in  some  instances,  if  there  be  two  salts  in  solu- 
tion, that  will  most  readily  separate,  of  wiiich  the  crystals  have  been 
introduced. 

16.  A  strong  saline  solution,  excluded  from  the  air,  will  frequently 
crystallize  the  instant  that  air  is  admitted, — a  circumstance  unsatisfac-  Sected  by  thi 
torily  referred  to  atmospheric  pressure.     In  other  cases,  agitation  •{*"»"»*>"    "' 
produces  the  same  effect.     These  phenomena  seem  connected  with^a^ioiJ"  ^ 
the  doctrine  of  latent  heat,  but  hitherto  they  have  only  been  imper^ 

fectly  investigated  :  in  some  cases  they  have  been  shown  by  Dr.  Ure  to 
be  affected  by  electrical  changes. — Quarterly  Journal^  Vol.  x.,  p.  6. 

17.  The  presence  of  light  also  influences  the  process  of  crystalliza- J'jf '^^^^"JjJJ,'?; 
tion.     Thus  we  see  the  crystal*  collected  in  camphor  bottles  in  drug-  «»iion. 
psts*  windows  always  most  copious  upon  the  surface  exposed  to  light ; 

and  if  we  place  a  solution  of  nitre  in  a  room  which  has  the  light  admit- 
ted only  through  a  small  hole  in  the  window  shutter,  crystals  will  form 
most  abundantly  upon  the  side  of  the  basin  exposed  to  the  aperture 
throng  which  the  light  enters,  and  ofl«n  the  whole  mass  of  crystals 
will  turn  towards  it. 

Many  saline  solutions  form  arborescent  crystalline  pellicles,  when 
left  to  spontaneous  evaporation,  which  slowly  travel  up  the  sides  of 
the  basin,  and  gradually  proceed  down  upon  the  outside :  this  process 
also  always  begins  on  the  side  nearest  the  light,  and  is  often  confined 
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otractim 

crjttaHused 

bodiei* 


Asftfine  one 
form  rather 
tbao  ajftother. 


to  it*  Acetate  of  lime  exhibits  this  appearance  in  a  rery  bcantifol 
manner. — Aikin's  JDict.  Art.  Light. 
of  IS.^W'e  may  now  proceed  to  examine  the  structure  of  crystallized 
bodies,  upon  which  the  Theories  of  Crystallization  are  founded.  This 
inquiry  exposes  a  connecting  link  between  the  Chemical  and  Mechani- 
pal  properties  of  bodies. 

It  is  commonly  observed,  that  crystallized  bodies  affect  one  form  in 
preference  to  others.  The  fluor  spar  of  Derbyshire  crystallizes  in 
cubes  :  so  does  common  salt.  Nitre  assumes  the  form  of  a  six-sided 
prism,  and  sulphate  of  magnesia  that  of  a  four-sided  prism.  These 
forms  are  liable  to  vary.  Fluor  spar  and  salt  crystallize  sometimes  in 
the  form  of  octoedra ;  and  there  are  so  many  forms  of  carbonate  of  lime, 
that  it  is  difficult  to  select  that  which  most  commonly  occurs. 

Rom^  de  Lisle  referred  these  variations  of  form  to  certain  trunca- 
^rt»h*of*ihe  tions  of  an  invariable  primitive  nucleus  ;  and  Gahn  afierwards  observed, 
hliveiteStr**  that  when  a  piece  of  calcareous  spar  was  carefully  broken,  all  its  parti - 
Qpciei.  cles  were  of  a  rhomboidal  figure.     This  induced  Bergman  to  suspect 

the  existence  of  a  primitive  nucleus  in  all  crystallized  bodies  (Physi^ 
eal  and  Chemical  Essays,  Vol.  II.  p.  1.)  When  Hauy  entered  this  field 
of  inquiry,  he  not  only  corroborated  the  opinions  of  Bergman,  and  sub* 
mitted  former  hypotheses  to  experimental  proof,  but  traced  with  much 
success  the  laws  of  crystallization  and  pointed  out  the  modes  of  transi- 
tion from  primitive  to  secondary  figures. — TraitideMiniralogie,  Pans, 
1801. 

1 9.  Those  who  are  in  the  habit  of  cut- 
ting and  polishing  certain  gems,  have  long 

d«mf  etttoot  known  that  they  only  afford  smooth  sur- 

taootbV  but  faces  wheu  broken  in  one  direction  ;  and 

mioaiu**  •**•  that  in  others  the  fracture  is  irregular  and 
uneven.  This  is  the  case  with  crystalliz- 
ed bodies  in  general.  If  we  attempt  to 
spUt  a  cube  of  fluor  spar  with  the  blade  of 
a  knife  assisted  by  a  hammer  we  shall 
find  that  it  will  only  yield  kindly  in  the 
direction  of  the  solid  angles  ;  and  pursu- 
ing the  divivision  in  these  directions  an 
octoedron  will  be  the  resulting  figure  as  in 
this  diagram. 

20.  In  sphtting  a  six-sided  crystal  of  calca- 
reous spar,  we  find  that  of  the  six  edges  of  the 
superior  base,  three  alternate  edges  only  will 
yield  to  the  blow  :  those,  for  instance,  mark- 
ed a,  &,  e ;  and  the  division  will  take  place 
in  a  plane  inclined  at  an  angle  of  45^.  The 
three  intermediate  edges  resist  this  division. 
But  in  dissecting  the  interior  base  of  the  crys- 
tal, the  intermediate  edges  will  alone  yield, 
namely,  a,  fe,  c.  If  we  continue  this  dissec- 
tion in  the  same  directions,  we  shall  at  length 
obtain  the  obtuse  rhomboid,  which  is  seen  in 
this  diagram  in  its  Relative  situation  to  the 
iscluding  prism. 


^CL^^ 
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21.  We  thus  then  arrive  at  the  prtfi&fltfe/orm  of  the  calcareous  spar, 
and  from  whatever  secondary  form  it  has  been  obtained,  it  is  always  a 
rhomboid,  having  obtuse  angles  of  105<'  6'.  But  an  obtuse  rhomboid, 
is  also  the  primitive  form  of  other  bodies,  as  of  pearl  spar,  iron  spar, 
and  tourmalin.  But  here  the  inclination  of  the  surface  points  out  a 
difference.  Thus  the  primitive  angle  of  pearl  spar  is  lOG**  6',  of  iron 
spar  107«,  (Wollaston,  Phil  Trans.  1812,)  and  of  tourmalin  113** 
W. 

22.  These  instances  show  the  necessity  of  being  provided  with  in- 
stroments  for  measuring  the  angles  of  crystals  with  nice  accuracy ;  I„"J^*"\t; 
they  are  termed  goniometers.     The  simplest  of  these  instruments  con-  wfJiMofli^r- 
sistjof  a  protractor  or  seme-circular  scale  of  degrees,  AA,  and  asmall**'** 

l>air  of  compasses  or  nippers,  B  B  6  B,  destined  to  receive  the  crystal. 


Simplest  fom. 
of  the  ^onio- 
inet«r. 


The  centre  of  the  pair  of  compasses  is  made  moveable  like  Hiose  of 
the  common  proportional  compasses,  so  as  to  permit  the  legs  B  B,  and 
BCB,  to  be  considerably  lengthened  or  shortened,  when  the  two 
pieces  are  applied  to  each  other.  The  fixed  leg  BB,  is  represented  DewripUda. 
as  beneath  the  moveable  one  BC  B,  or  radius,  measuring  90«,  and  the 
lower  end  of  the  centre  pin,  which  could  not  be  shown  in  the  wood 
cat,  is  made  to  fit  the  hole  or  centre  in  the  protractor  precisely  at  the 
$ame  time  that  a  stud  or  projecting  piece  otbrass,  being  admitted  into 
the  long  perforation  a  of  the  leg  B  B,  the  piece  becomes  steadily  at- 
tached to  the  protractor  or  semi-circle,  as  is  seen  in  the  Figure. 

The  application  of  this  instrument  is  obvious.     The  crystal  to  be 
measured  is  applied  between  the  compasses,  which  being  thus  set,  are  Appiieatio.v 
applied  to  the  protractor,  and  the  value  of  the  angle  may  "he  read  off" 
at  the  fiducial  edge  of  the  leg  B  C  B. 

23.  The  reflective  goniometer,  invented  by  Dr.  Wollaston  (PhiL 
Trans,  1809,)  is  the  most  useful  of  these  instruments.  It  enables  us 
to  determine  the  angles  even  of  minute  crystals  with  great  accuracy ; 
a  ray  of  light  reflected  from  the  surface  of  the  crystal  being  employ- 
ed as  radius,  instead  of  the  surface  itself.  Mr.  W.  Philips  has  given 
the  following  description  and  practical  details  for  the  use  of  this  instru- 
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meat,  in  his  Introduction  to  Mineralogy ^  which,  with  his  permission,  I 
here  transcribe. 


Beicriptioo. 


^^ahls  the  principal  circle  graduated  on  one  edge  to  half  degrees, 
and  dirided  for  convenience  into  two  parts  of  180®  each;  (it  is  gra- 
graduated  only  in  part  in  the  above  sketch.) 

**  c  Is  a  brass  plate,  screwed  upon,  and  supported  by  the  pillar  d, 
and  graduated  as  a  vernier. 

**//  Is  the  axle  of  the  circle  a  6,  and  passes  through  the  upper 
part  of  the  two  pillars  d  e,  the  other  ends  of  which  are  inserted  into  a 
wooden  base  m. 

"g  ft  Is  an  axle,  enclosed  within  //,  and  turned  by  means  of  the 
smallest  circle  t,  which  communicates  a  motion  to  all  the  apparatus  od 
the  left  of  h,  without  moving  the  principal  circle  a  b.     . 

"  fe  Is  a  circle,  to  which  is  attached  the  axle  of  the  principal  circle. 
If  therefore  we  would  move  the  latter,  it  will  be  done  by  moving  k  ; 
and  as  the  axle  of  tUe  principal  circle  includes  that  of  the  apparatus 
on  the  left  of  A,  we  necessarily  give  a  motion  to  the  whole  instrument 
by  moving  the  circle  k, 

*'  These  two  movements  being  understood,  let  us  now  suppose  that 
we  want  to  measure  a  crystal ;  a  rhomboid  of  carbonate  of  lime,  for 
instance. 

**  Let  I  be  the  rhomboid,  attached  by  means  of  wax  to  one  end  of  a 
plate  of  brass  n ;  the  other  end  of  the  plate  being  placed  in  a  slit  in 
the  upper  part  of  the  circular  brass  stem  o,  which  passes  through  the 
tube  p,  to  which  it  is  so  adjusted  as  to  allow  of  being  moved  either  up 
or  down,  or  circularly,  by  means  of  the  circle  (u 

**  The  tubep  is  fixed  to  the  curved  brass  plare  r,  which  is  attached, 
but  so  as  to  allow  of  motion,  to  another  curved  plate  <,  by  means  of  a 
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fin  t,  the  other  end  of  the  latter  |^ate  being  connected  with  the  con- 
cealed axle  g  A,  to  which  a  motion  is  given  by  turning  the  little  circlet. 

*^^By  means  of  the  pin  t  and  the  tube  p,  therefore,  we  have  two  mo- 
tions, in  addition  to  the  two  before  described  as  belonging  to  the  axles 
of  the  instrument.  The  inner  axle,  however,  may  be  said  to  be  the 
centre  of  all  the  motions.  It  will  therefore  be  of  advantage  that  the 
rhomboid  of  carbonate  of  lime  should  be  placed  as  nearly  on  a  line 
wUh  that  axle  as  possible  :  this  will  be  sufficiently  adjusted  by  means  of 
the  stem  o,  which  admits  of  being  raised  or  depressed  at  pleasure. 

"  The  use  of  this  instrument  depends  on  the  reflecting  power  of  the 
polish  on  the  natural  planes,  or  fractured  surfaces  of  minerals :  and 
that  this  is  in  some  cases  very  powerful,  any  one  may  convince  himself AppUc»ti«(. 
by  looking  upon  a  very  brilliant  plane,  held  beneath  the  eye,  with  its 
edge  nearly  touching  the  lower  lid,  and  not  far  distant  from  a  window ; 
he  will  then  observe  the  reflection  of  the  bars  very  distinctly. 

**Let  us  then  suppose  the  goniometer,  as  above  represented,  to  be 
distant  from  a  window  from  eight  to  twentv  feet. 

**  Let  then  v  be  a  black  line  (the  use  of  this  is  essential)  drawn  on 
the  wainscot  between  the  window  and  the  floor,  and  perfectly  parallel 
with  the  horizontal  bars  of  the  window. 

"  If,  then,  the  eye  be  placed  almost  close  to  the  rhomboid  2,  a  re- 
flection of  one  of  the  bars  will  be  seen  on  one  of  its  planes. 

**  Let  us  suppose  the  reflection  to  be  in  the  direction  of  the  lower 
dotted  line  on  the  plane  ;  and  it  will  be  clear  that  it  cannot  be  paral- 
lel with  the  bar  of  the  window,  not  being  even  with  the  black  line  v« 
It  must  therefore  be  adjusted.  This  may  perhaps  be  done  by  slightly 
drawing  to  the  left  the  circle  ^,  which  communicates  motion  by  means 
of  the  pin  t;  or  perhaps  it  may  be  done  by  giving  a  circular  motion  to 
the  stem  o.  By  one  of  these  two  motions,  or  by  both,  it  may  certain- 
ly be  efiiected. 

**  If,  however,  the  reflection  appears  to  be  like  the  upper  dotted 
line,  that  is,  parallel  with  the  black  line  v,  we  must  first  convince  our- 
selves that  it  is  so,  simply  by  depressing  the  crystal  a  Uttle  by  means  of 
moving  the  httle  circle  t,  so  as  to  bring  the  reflection  upon  the  black 
Une, 

'*  This  being  adjusted,  which  must  be  done  precisely,  we  then  turn 
the  crystal,  by  turning  the  little  circle  i,  until  the  reflection  of  the  same 
bar  he  seen  on  the  next  plane,  perfectly  on  a  line  rtnth  and  upon  the  black 
linev. 

^^  However,  in  adjusting  the  second,  we  may  disturb  the  first  reflec- 
tion. By  perseverance  it  will  be  found  that  both  can  be  adjusted  by 
means  of  one  or  other  of  the  movements  by  the  stem  o,  or  the  pin  t,  or 
by  the  help  of  both,  and  a  short  experience  will  do  away  the  chief  dif- 
ficulties. 

"Both  reflections  being  precise,  we  are  now,  by  means  of  the  cir- 
cle k,  to  turn  the  principal  circle  until  it  is  arrested  by  the  stop  x  on 
the  pillar  d ;  it.  will  then  be  found  that  one  hundred  and  eighty  on  the 
principal  circle,  coincides  with  o  on  the  vernier. 

"  In  doing  this,  however,  we  may  slightly  disarrange  the  reflections 
on  the  plane  of  the  crystal,  which  may  be  re-adjusted  simply  by  mov- 
ing the  Uttle  circle  i,  which  will  not  disturb  the  principal  circle  a,  b : 
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we  must  be  certain,  howerer,  thai  one  hundred  isnd  eighty  an  it  forms  a 
line  with  o  on  the  vernier ,  at  the  eame  time  that  the  reflection  of  the  bar  i$ 
seen  along  the  black  line, 

**  One  movement  more,  and  the  measarement  will  have  been  made. 
Turn  the  circle  k^  keeping  the  eye  almost  close  to  the  rhomboid,  until 
the  reflection  of  the  same  bar  is  seen  on  the  adjoining  plane  precisely 
vpoii  the  black  line  v,  and  the  operation  is  completed. 

"  It  must  then  be  observed  what  proportion  of  the  principle  circle 
has  been  moved.  Suppose  that  105  on  it,  be  now  on  a  line  with  o  on 
the  vernier ; — ^it  is  the  value  of  the  angle.  But  suppose  it  to  be  a  lit- 
tle more  than  105  and  less  than  105^  :  it  must  then  be  observed  whidi. 
line  of  the  vernier  touchesy  or  forms  but  one  line  wthy  another  line  on  the 
principal  circle  :  suppose  it  to  be  5  on  the  vernier,  the  angle  is  then 
105^  5',  which  is  the  true  value  of  the  obtuse  ai^le  of  a  rhomboid  of 
carbonate  of  lime. 

<<  I  have  been  the  more  particular  in  the  above  description  from  be- 
ing aware  that  the  use  of  this  elegant  instrument  is  conunonlj  consider- 
ed to  be  extremely  difficult,  and  that  it  is  by  some  supposed,  that,  in 
taking  an  angle,  it  is  essential  to  keep  the  head  in  one  position,  which 
will  clearly  appear  not  to  be  requisite.  We  may,  on  the  contrary  per- 
form any  part  of  the  operation,  and  after  the  lapse  of  hours  complete 
it. 
FurUietre-  *'  It  may  not  be  amiss  to  subjoin  a  few  hintfei  connected  with  its  accu- 
j^^jj^***rate  use.  In  the  first  place,  it  should  be  observed,  that  when  the  cir- 
cle is  arrested  by  the  stop  Xf  180*  on  it  is  precisely  on  a  line  with  o  on 
the  vernier :  this  must  be  exact. 

<<  Some  difficulty  will  at  first  be  found  in  attaching  the  fragment  of 
the  crystal  to  the  wax  (which  must  be  warmed,)  nearly  in  the  requir- 
ed position.  In  doing  this,  it  will  be  found  of  some  advantage  to  hold 
the  mineral  in  such  a  direction,  that  the  edge  between  the  two  planes 
to  be  measured,  shall  be  in  a  horizontal  position,  and,  as  nearly  as  pos- 
sible, parallel  with  the  bar  of  the  window.  It  will  be  best  to  bq^in  witb 
some  substance  which  is  brilliant  not  more  than  one-third  of  an  inch  in 
diameter,  and  of  which  the  angles  are  known.  Fragments  of  transpa- 
rent calcareous  spar,  or  sulphate  of  barytes,  are  well  adapted. 

*'  The  perfect  steadiness  of  the  instrument  is  essential.  A  small,, 
square,  and  very  solid  table,  standing  firmly,  will  be  useful :  but  this 
may  not  be  high  enough  to  raise  the  instrument  to  the  eye  of  the  ob- 
server without  supporting  the  goniometer,  which  must  be  so  fixed  as 
not  to  shift  its  place  while  moving  the  circles,  or  by  a  casual  touch. 
Supposing  the  table  to  be  of  the  ordinary  height,  some  support  for  the 
goniometer  a  foot  above  it,  will  be  requisite  to  elevate  it  to  the  eye  of 
an  observer  while  sitting.  This  support  should  be  made  in  the  form 
-  of  a  pyramid,  with  a  perfectly  flat  iMise,  and  a  truncated  summit,  on 
which  the  goniometer  may  stand,  or  rather  may  be  fixed,  by  sliding  its 
wooden  base  m  along  it ;  so  that,  in  two  opposite  places,  it  shall  be  con- 
fined by  two  pieces  of  wood  y  y,  hollowed  for  the  purpose  of  receiv-r 
pg  it.  This  pyramid  will  afibrd  an  opening  in  the  upper  part  for  the 
goniometer  when  out  of  use,  while  the  lower  may  be  conveniently 
cupied  by  a  drawer." 
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54.  In  foUowiag  the  method  above  described,  (20)  Haiiy  obtained  ^^^^  .^   .  . 
six  primitive  forms.  tiva  ^JIS"^ 

i.  The  cube,  parallelopipedon,  fyc. 


ii.  The  tetraedroQ. 


ill.  The  octoedroD. 


'\y.  The  hexangular  prLsm. 


T.  The  rhombic  dodecaedron. 


16  CAVSTALUSATION. 

Ti.  T)ie  dodecaikiroii  with  isoceles  triangalar  faces. 


latefrml 
menu* 


25.  These  primitive  forms,  by  further  mechanical  analysis  may  be 
'reduced  to  three  integral  dements. 

i.  The  parallelopiped,  or  simplest  soUd,  having  six  surfaces,  paral- 
lel two  and  two.  ^24.  i.) 

ii.  The  triangular,  or  simplest  prism,  bounded  by  five  surfaces. 


'i 


iii.  The  tetraedron,  or  simplest  pyramid,  bounded  by  four  surficet. 
(24.  ii.) 

26.  The  secondary  forms  are  supposed  to  arise  from  decrements  of 
wSlSyftliSlP*^^^®^  taking  place  on  difterent  edges  and  angles  of  the  primitive 
forms.  Thus  a  cube,  having  a  series  of  decreasing  layers  of  cubic 
particles  upon  each  of  its  six  faces,  will  become  a  dodecaedron,  if  the 
decrement  be  upon  the  edges ;  but  an  octoedron,  if  upon  the  angles  ; 
and  by  irregular,  intermediate,  and  mixed  decrements,  an  infinite  va- 
riety of  secondary  forms  would  ensue,  as  the  annexed  figures  show. 
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27.  But  in  crf&tallograpbywe  meet  witb  appearances  which  Hauy's  objectiom  u> 
theory  bnt  imperfectly  explains.  A  slice  of  ftuor  spar,  for  instance ,  ob-  H»iy'i  th«o- 
tained  by  making  two  successive  and  parallel  sections,  may  be  divided^' 

into  acate  rhomboids ;  but  these  are  not 
the  primitive  form  of  the  spar,  because  bj 
the  removal  of  a  tetraedron  from  each  ex- 
tremity of  the  rhomboid  an  octoedron  is  ob- 
tained. Thus,  as  the  whole  mass  of  fluor 
may  be  divided  into  tetraedra  and  octoedra, 
it  becomes  a  question  which  of  these  forms 
is  to  be  called  primitive,  especially  as  nei- 
ther of  them  can  fill  space  without  leav- 
ing vacuities,  nor  can  they  produce  ^ny 
arrangementsufficiently  stable  to  form  the 
basis  o£  a  permanent  crystal. 

28.  To  obviate  this  incongruity,  Dr.  Wollaston  {Phil.  Trans.  1813,)  ^^u„,^n'. 
kas  very  ingeniously  proposed  to  consider  the  primitive  particles  as  theorj. 
spheres,  which,  by  mutual  attraction,  have  assumed  that  arrangement 

which  brings  them  as  near  as  possible  to 
each  other.     When  a  number  of  simii> 
lar  balls   are  pressed  together  in  the 
same  plane,  they  form  equilateral  trian-  . 
^€ss  with   each  other;  and  if  balls  so 
placed  were  cemented  together  and  af- 
terwards broken  asunder,  the  straight  lines  in  which  they  would  be 
disposed  to   separate,  would  form  angles  of  60* 
with  each  other.     A  single  ball,  placed  any  where 
on  this  stratum,  would  touch  three  of  the  lower 
balls,  and  the  planes  touching  their  surfaces  would 
then  include  a  regular  tetraedron.      A  square  of 
four  balls,  with  a  siu^e  ball  resting  upon  the  cen- 
tre of  each  surface,  would  form  an  octoedron ;  and 
npoD  applying  tW4i  other  balls  at  opposite  sides  of 
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this  octoedroD,  the  group  will  represent  the  ^ute 
rhomhoid.  Thus  the  difficulty  of  the  primitive 
form  of  fluor,  above  alluded  to,  is  done  away,  by 
assuming  a  sphere  as  the  ultimate  molecula.  By 
oblate  and  oblong  spheroids  other  forms  may  be 
obtained. 


A  sphere  the 
bltiniAte  mole- 
cule. 

29^.  The  subject  of  crystallization  has  more  lately  engaged  the  atten- 
tion of  Mr.  J.  F.  Daniel  {Quarterly  Journal  of  Science  and  the  J\rts^  Vol. 
^fwlf****"  i.)  and  his  researches  have  produced  some  singular  confirmations  of 
ibeoi7."  "  Dr.  Wollaston's  hypothesis.  If  an  amorphous  piece  of  alum  be  im- 
mersed in  water  and  left  quietly  to  dissolve,  at  the  end  of  about  three 
weeks  we  shall  observe  that  it  has  been  unequally  acted  upon  by  the 
fluid  :  the  mass  will  present  the  forms  of  octoedra,  and  sections  of  oc- 
toedra,  as  it  were  carved  or  stamped  upon  its  surface,  as  seen  in  these 
figures: 


This  appearance  is  produced  when  the  attraction  of  the  water  for 
the  solid  is  nearly  counter-balanced  by  its  mechanical  texture.  The 
crystals  formed  by  this  species  of  dissection  are  highly  curious,  from 
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Iheir  modificationB  and  relative  positions^  ds  the  same,  f^ronp  presents 
the  primitive  form  as  well  as  its  truncatioifi  and  decrements.  Other 
salts  yield  other  figures,  and  by  more  complicated  chemical  action,  as 
ofacids  upon  carbonate  of  Ume,  the  metals,  4^c.,  analogous  results  are 
obtained.  Here  then,  instead  of  dividing  a  crystal  by  mechanical  force 
its  structure  is  gradually  developed  by  the  process  of  solution.  In  these 
cases  two  circumstances  are  particularly  remarkable  ':  the  crystals  are 
different ;  and  their  forms  vary  with  the  different  faces  of  the  original 
mass.  In  one  direction  we  ol»erve  octotidra  and  sections  of  octoedra  i 
in  another,  parallelograms  Qf  eyery  dimension,  modified  with  certain 
determinate  intersections. 

If,  in  neither  of  these  positions,  we  torn  the  mass  upon  its  axis,  the 
saoie  figures  will  be  perceived  at  every  quadrant  of  a  circle  ;  and,  if 
we  suppose  the  planes  continued,  they  will  mutually  intersect  each  o- 
ther,  and  various  geometrical  solids  mil  be  constructed.     In  this  way, 
alum  alone  furnishes  octoedrons,  tetraedrons,  cubes,  four  and  eight-sid- 
ed prisms  either  with  plain  dr  pyramidal  terminations,  and  rhombic 
parallelopipedons.    }t  is  evident,  then  that  no  theory  of  crystallization 
can  be  admitted,  which  is  not  founded  upon  such  a  disposition  of  con-^JJ^lVSi 
stitaent  particles,  as  may  furnish  all  these  modifications,  by  mere  ab-orj. 
straction  of  certain  individuals  from  the  cong^ies,.without  altering  the 
original  relative  position  of  those  which  remain ;  and  these  conditions 
may  he  fuldUed  hy  such  an  arrangement  of  sphencal  particles,  as  would 
arise  from  the  combination  of  an  indefinite  number  of  balls  endued 
with  mutual  attraction  and  no  other  geometrical  solid  is  adequate  to 
the  purpose ;  and  where  bodies  afford  crystals  differing  from  the  oc* 
toedral  series,  an  analogous  explanation  is  furnished,  by  supposing  their 
constituent  particles  to  consist  of  oblate  spheroids,  whose  axes  bear 
different'  proportions  to  each  other  in  different  substances.     Hence  we 
may  also  conclude,  that  the  internal  structure  of  all  crystals  of  thej^;^*^ 
same  body  is  alike,  however  the  external  shapes  differ.     In  corrobo- tai*.  of  tb« 
ration  of  the  above  hypotiiesis,  we  may  remark,  that  the  h^xaedron  is,foI2*.****^"^' 
of  all  geometrical  figures,  that  which  includes  the  greatest  capacity 
under  the  least  surface.     If,  therefore,  the  ultimate. particles  of  crys- 
talline bodies  be  spheres  or  spheroids,  the  greatest  possible  number  in 
the  least  space  will  be  included  in  this  fi)rm.     It  is  probable  that  ^he,^^^^^^. 
exterior  shape  of  every  crystal  is  determined  by  the  nucleus  first  form-  nor  th^^W- 
ed  by  a  certain  definite  number  of  particles,  which,  by  the  power  of  j'J^.JI'j,  „JjJ 
mntttal  attraction,  overcome  the  resistance  of  the  medium  in  which  ^^«  .'*°^«^'<»^ 
they  were  suspended  or  firom  which  they  were  separated,     Th^  num-  eal^tbe^o^' 
ber  may  vary  with  the  solvent,  or  other  contingent  circumstances.  *^''~' 
Four  spherical  particles,  thus  united,  would  balance  each  other  in  a  Their  number 
tetraedral  group,  six  in  an  octoedral  gronp,  and  each  would  present  ™*y^'^^J'^^ 
paiticular  points  of  attraction  to  which  all  subsequent  deposits  would  ace. 
be  directed.     Now,  let  us  imagine  two  nuclei  formed  in  the  same  so- 
lution, whose  axes  run  in  contrary  directions ;  their  increase  will  con- 
sequenUy  be  in  contrary  directions,  and  each  will  attract  a  particular 
system  of  particles  from  the  surrounding  medium.     If  these  two  sys-  -.     ^^^^  ^^ 
tents  should  cross  each  other  in  their  course,  a  greater  number  will  be  interslctioo 
brought  within  the  sphere  q£  mutual  re-action  at  the  point  of  junction,  cl^rtauVhTx- 
and  they  ought  to  arrange  themsel?es  in  the  least  possible  compass.  «?(>•. 
The  facts  here  aQSwer  to  the  theory.     If  we  select  any  crystals,  hav- 
ing others  crossing  them  nearly  at  right  angles,  and  separate  them,  the 
points  of  junction  invariably  present  an  hexaedral  arrangement.. 
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30.  In  connexion  with  chemistry,  the  theory  of  ciydtalUaBation  opens 
Connexion  of  &  oew  arenue  to  the  science,  and  frequently  enables  us  to  ascertain 
^jf**^^"^  directly,  that  which,  independent  of  such  aids,  could  only  be  arriFed 
ry.  at  by  an  indirect  and  circuitous  route.     We  frequently  read  the  che- 

mical nature  of  substances  in  their  mechanical  forms.  To  the  minera- 
logist, an  intimate  ac<^aintance  with, the  crystalline  forms  amd  modifi- 
cations ot  natural  bodies  is  essentially  requisite.  Indeed,  the  theory 
of  crystallization  may  be  considered  as  one  of  the  great  suports  of  that 
useful  branch  of  natural  history,  and  it  is  to  the  indefatigable  exertionf 
of  H«iiiy  that  much  of  its  present  perfection  is  to  be  referred.  In  the 
arts,  the  process  of  crystallization  is  turned  to  very  valuable  account, 
in  the  separation  abd  purification  of  a  variety  of  substance^. 


Secttoh  IL    Heterogeneous  Attractiany  or  Affifnity, 

Chemical  at-  ^^'  ^^  ^^^  faitherto  coDSidered  Attraction  as  disposing  the  paxti- 
tnetionornffi-cles  of  bodies  to  adhere  so  as  to  form  masses  or  aggregates ;  and,  in 
^*^'  many  instances,  to  arrange  themselves  according  to  peculiar  laws,  and 

to  assume  regular  geometrical  figures.  We  are  now  to  regard  this  power 
as  operating  upon  dissimilar  particles ;  as  presiding  over  the  composi- 
tion of  bodies ;  and  as  producing  their  chemical  varieties.  This  is 
Chemical  Attraction,  or  Affinity. 

32.  If,  into  a  glass  vessel,  exhausted  of  air,  be  introduced  some  sul- 
fttttaedoo.      phur,  and  copper  filings,  and  heat  applied  so  as  to  melt  the  former,  it 

will  presently  combine  with  the  latter.  We  observe,  as  the  results  of 
this  attraction  between  the  sulphur  and  copper,  1.  That  the  substance 
produced  has  not  the  intermediate  properties  of  its  elements,  but  that 
it  presents  new  characters.  2.  That  much  heat  and  light  are  evolved 
duriug  the  mutual  action.  3.  That  sulphur  and  cc^er  will  unite  iai 
certain  proportions  only. 

33.  In  liquids  and  gases,  similar  changes  of  properties  may  be  ex- 
Soiia  prodnetf  Ubited,  and,  in  many  cases,  a  change  of  form  or  state  results.     Thus 

the  combination  of  aeriform  bodies  produces  a  solid,  as  when  muriatic 

and  ammoniacal  gases  produce  the  salt  called  muriate  of  aumioiiia. 

9e«eon        The  combustiou  of  gunpowder  offers  a  familiaa*  instance  of  the  con- 

versioB  of  solid  into  aeriform  matter.     Gases  form  a  liquid,  as  when 

olefiant  gas  is  mixed  with  chlorine.     Solids  also  produce  liquids,  as  is 

shown  by  triturating  crystals  of  Glauber's  salt  with  nitrate  of  ammonia : 

Liquid.         QQ^  iuthe  action  of  concentrated  solutions  of  muriate  of  lime  andcarbo- 

nate  of  potassa,  liquids  form  a  solid.     Liquids .  produce  gases,  as  when 

one  part  of  nitric  acid  is  mixed  wiUi  two  of  alcohol  an  efiervescence 

ensues,  and  aeriform  matter  is  copiously  evolved. 

ThecMnpoaBa     34.  lu  some  cases  of  combination,  the  resulting  compound  differs 

■^T^a^AMXM  but  little  from  its  component  parts,  and  their  leading  characters  are  still 

li^tf  toitieoiil  obvious  in  it.     This  is  especially  remarked  in  solutions  of  different 

•titaenu.       flobstauces  in  water  and  other  fluids.     Salt  and  sugar  dissolved  in  water, 

retain  their  saline  and  sweet  tastes,  the  only  physical  quality  that  is 

..  changed  being  that  of  cohesion. 

pe'SS?  ^^     36.  In  other  cases,  the  properties  of  the  compound  differ  essential- 
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\j  from  those  of  its  component  parts,  and  a  series  of  new  bodies,  pos- 
sessed of  distinct  and  peculiar  characters,  are  produced.  Thus,  when 
two  Tolumes  of  nitric  oxide  gas  are  mixed  with  one  of  oxygen,  an 
orange-coloured  gas  results,  very  sour,  and  soluble  in  water ;  whereas, 
the  gases  before  mixture  were  colourless,  tasteless,  and  insoluble  in 
water. 

Such  operations  are  not  confined  to  art :  Nature  presents  them  on  an 
extended  scale ;  and,  in  connexion  with  the  functions  of  life,  renders 
them  subservient  to  the  most  exalted  purposes. 

3S.  The  new  chemical  powers,  that  bodies  thus  acquire  in  conse- 
quence of  combination,  are  often  extremely  remarkable,  and  can  only 
be  learned  by  experiment.  It  frequently  happens  that  inert  bodies 
produce  inert  coinpounds,  and  that  active  substances  remain  active 
when  combined ;  but  the  reverse  often  occurs  :  thus  oxygen,  sulphur, 
aod  water,  in  themselves  tasteless  and  comparatively  inert,  produce 
sulphuric  acid  when  chemically  combined  ;  and  potassa,  which  is  a 
powerful  caustic,  when  combined  with  sulphuric  acid,  forms  a  mlt  pos- 
sessed of  litde  activity. 

37.  The  colours,  the  specific  gravity,  and  the  temperature  of  bodies 
are  also  commonly  altered  by  chemical  action.     Thus  the  blue  infusion 
obtained  \>y  macerating  violets  in  warm  water  is  rendered  red  by  acids,  onierdMiif  «• 
green  hj  alcalis,  and  its  colour  u  wholly  destroyed  by  chlorine.     Wheneh^*ia  % 
eqoal  parts  of  sulphuric  acid  and  water  are  mixed,  the  resulting  liquid^"- 

has  a  specific  gravity  much  above  the  mean ;  the  temperature  is  alsocheweg]  »*. 
much  increased ;  and  ignition  frequently  attends  chemical  action.  (32.)  ^  ^*' 

38.  As  chemical  actioO  takes  place  among  the  ultimate  or  constituent  ci^atl!!^ 
elemoits  of  bodies,  it  must  obviously  be  opposed  by  the  cohesion  offoJT^lSa'ti 
their  particles,  and  chemical  attraction  is  often  prevented  by  mechanic-  «^i«  «<»i>«- 
d  aggregation.  A  piece  of  the  metal  antimony,  put  into  the  gas  called  "^ 
chlorine,  is  only  slowly  and  superficially  acted  upon ;  but  if  the  mecha-  ^t<netioo  of 
aical  aggregation  be  previously  diminished,  by  reducing  the  metal  to^'S^p^u. 
powder,  it  in  that  state  rapidly  unites  with  the  gas,  and  burns  the  instant  ^*^' 

that  it  is  introduced.  cdoHe    pr«. 

39.  Heat  increases  the  chemical  energies  of  bodies.    Its  effects  are^£'  ^•■•• 
lometimes  only  referable  to  the  diminution  of  adhesion  by  expansion  or 
liquefikction  ;  but  in  other  cases  they  are  peculiar  and  complicated  and 
probably  concerned  in  modifyii^  the  electrical  energies  of  the  acting 
substances. 

40.  Different  bodies  ore  possessed  of  different  attractive  powers,  and 

it  several  be  brought  together,  those  which  have  the  strongest  mutual  simple  or  eie«- 
iinities  enter  first  into  union.  Thus,  if  nitric  acid  be  poured  up^  |(tiT««ttrMtio«. 
Biitture  of  lime  and  magnesia,  it  dissolves  the  former  in  preference  to 
the  latter  earth.  The  knowledge^  of  this  fact,  enables  us  to  separate 
ho^es  when  united,  or  to  perform  the  process  o{  decomponiion.  Thus 
if  we  add  an  aqueous  solution  of  hme  to  a  solution  of  magnesia  in  nitric 
acid,  the  latter  earth  is  thrown  down  or  precipitated,  and  the  lime  occu- 
pies its  place  in  the  acid. 

41.  Upon  this  principle  tables  of  attraction  have  been  constructed, 
the  substance  whose  affinities  are  to  be  represented  being  placed  at  the 
head  of  a  column,  and  the  bodies  with  which  it  combines  beneath  it,  in 
the  order  of  tiieir  respective  attractions  (see  History  of  Chemistry,  p. 
78. ;)  thus  the  affinity  of  sulphuric  acid  for  severed  bases  would  be 
shewn  as  foDows : 
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Baryta. 

Strontia. 

Potassa. 

Soda. 

Lhne. 

Magnesia. 

Aixunonia. 

« 

From  thia  talile  it  would  appear  that  baryta  separates  sulphuric  acid 
from  its  compounder  with  all  die  inferior  substances,  and  that  anunonia 
is  separated  by  all. that  are  above  it;  there  are,  however,  many  cir- 
cumstances which  interfere  with  the  usefulness  and  accuracy  of  such 
tables,  and  in  some  cases  there  are  anomalies  in  the  mutual  agencies  of 
bodies  which  wholly  subvert  the  usu|d  order  of  arrangement.  One  of 
these  has  been  pomted  out  by  Mr.  R.  Phillips,-- (/oi»ma2  oj  Science 
and  the  Arts,  Vol.  i.,  p.  80.)  He  found  that  on  boiling  carbonate  of 
baryta  in  a  solution  of  sulphate  of  potassa,  sulphate  of  Imry ta  and  car* 
bonate  of  potassa  were  formed ;  and  he  also  found  that,  on  reversii^ 
the  experiment,  by  boiling  sulphate  of  baryta  in  solution  of  carbonate 
of  potassa  carbonate  of  baryta  and  sulphate  of  potassa  were  produced. 

42.  Decomposition  is  effected  under  a  variety  of  circumstances,  and 
by  many  methods ;  but  it  is  commonly  described  by  chemists  as  Simple 
and  CoMPLKz,  or  Single  and  Double. 

43.  In  cases  of  simple  attraction  or  affinity,  one  body  separates 
Siorit  decoB-  another  from  its  combination  with  a  third.  Thus,  when  potassa  is  ad- 
PMitioo.        ded  to  a  solution  of  sulphate  of  zinc  (composed  of  sulphuric  acid  and 

oxide  of  zinc,)  the  oxide  of  zinc  is  separated,  and  sulphate  of  potassa 
is  produced. 

44.  In  cases  of  double  decomposition,  two  new  compounds  are  pro* 
Dorf>i«  4e-  du<^c^  J  as  when  a  solution  of  nitrate  of  baryta,  is  mixed  with  a  sohi* 
compoiitioB.   tiou  of  sulphate  of  soda,  the  results  are  a  precipitate  of  sulphate  of 

baryta,  and  a  solution  of  nitrate  of  soda. 

46.  These  cases  of  double  decomposition  are  sometimes  convenien* 
tly  illustrated  by  diagrams,  which  may  either  be  constructed  so  as  mere- 
ly to  show  the  result  of  the  .change,  or  where  required  they  may  also 
exhibit  the  composition  of  the  acting  bodies.  In  the  case  just  alluded 
to,  the  substances  before  mixture  are  shown  by  parallel  iinet,  and  af- 
ter mixture  by  diagoosdUoes. 


Nitric  Acid  Baryta. 


Sulphuric  Acid  Soda. 
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Or  a  more  complete  view  of  the  change  is  given  in  the  following  dia* 
gram,  where  the  bodies  before  mixture  are  placed  upon  the  outside  of 
the  perpendicular  lines ;  their  component  parts  are  shown  within 
them ;  and  the  new  results  on  the  outside  of  the  horizontal  lines. 


Nitnte  of  Soda. 


Nitnteof 


Nitric 
Add 


Soda. 


Sol] 


Bujfa. 


Sdphnric 
Aod. 


Sulphate  0/ Bwyta. 

46.  It  is  obvious,  from  the  uniform  results  of  chemical  action  that, 
affinity  must  be  governed  by  certain  definite  laws,  by  which  its  ^^^'Jlte^t'^oJer^d 
are  determined,  and  upon  which  its  uniformity  depends.    Attention?/^  '^ISSvt 
was  first  called  to  this  subject  by  Mr.  Higgins  in  1789, — (Comparative^'^ 
View  of  the  FMogisttc  and  Antiphlogistic  TheorieeJ)     He  conceived 
that  chemical  attraction  only  prevailed  between  the  ultimate  particles  ^^^b**^^** 
of  simple  elementary  matter,  and  between  compound  atoms ;  and,  in 
applying  this  idea  to  chemical  theory,  he  expressed  by  numbers  the  re- 
lative forces  of  attraction  subsisting  between  the  different  kinds  of  ulti* 
mate  particles  and  atoms  of  matter. 

These  views  were  subsequently  extended  and  improved  by  Mr. 
Dalton,  and  have  since  engaged  the  attention  of  some  of  the  most  emi-  ^^l^  uieSj 
tteat  chemical  {^ilosophers ;  among  whom  we  may  enumerate  Gay-bjiHitoo. 
hmnc  and  Berzelius,  Davy,  Wollaston,  and  Thomson. 

46.  The  atiMidc  doctrine  or  theory  of  definite  proportiancds^  has  been 
■nch  blended  with  hypothetical  views  ;  but  it  will  be  most  satisfiicto- 
riljtnd  usefully  considered  as  an  independent  collection  of  facts.* 

When  bodies  unite  so  as  to  form  one  compound  only,  that  compound 
always  contains  the  same  relative  proportions  of  its  components ;  and 
where  two  bodies  unite  in  more  than  one  proportion,  the  second,  third, 
4^.,  proportions  are  multiples  or  divisors  of  the  first.  This  law  is 
well  exhibited  in  the  combinations  of  gaseous  bodies.  These  are  seen  Ejl^^  ^'^ 
to  unite  in  simple  ratios  of  volume.  Water  is  composed  of  hydrogen 
and  oxygen,  and  1  part  by  weight  of  the  former  gas,  unites  to  8  of  tha 

*  S«e  Boto  U  tha  end  of  th«  Tolaac. 
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II 


5ft(ttala«a« 
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ktter.  '  The  specific  gravity  of  hydrogen  compared  with  that  of  oxy- 
gen, is  as  1  to  15 ;  it  is  ohvioos,  therefore,  that  one  volame  of  hydro* 
gen  unites  to  half  a  vohime  of  oxygen,  and  that  the  composition  of 
water  will  be  represented  by  weight  and  volume  thus : 


1 

HydropeiL 

8 
Oxygen. 

Muriatic  acid  gas  consists  of  1  part  by  weight  of  hydrogen  and  36.0 
by  weight  of  chlorine.  .  The  relative  specific  gravities  of  these  gases  are 
as  1  to  36.0.  ;lt  is  obvious,  therefore,  that  they  combine  in  equal  vo- 
lumesi  and  that  muriatic  acid  gas  may  be  thus  represented : 


1 

HydfO^pciL 

36.0 
CUoriM. 

Carbonic  acid  unites  to  potassa  in  two  proportions,  and  forms  two  de- 
finite compounds.  In  the  on«,  70  parts  of  potasso  are  combined  with 
30  of  carbonic  acid ;  in  the  other,  70  of  potasso  are  united  to  60  of 
carbonic  acid. 

Lead  combines  with  oxygen  in  three  proportions  ;  the  first  conqpound 
consists  of  100  lead  +  8  oxygen  ;  the  second,  of  100  -f- 12 ;  the  third, 
of  WO  +  16. 

47.  All  cases  of  ch^nical  combination,  in  which  the  qualities  of  the 
component  parts  are  no  longer  to  be  detected  in  the  compound,  or  in 
which  a  neutral  body  is  produced,  are  obedient  to  these  laws  of  union  : 
But  in  some  instances  bodies  may  be  said  to  unite  in  all  proportions,  as 
water  and  alcohol,  ^e.  Other  bodies  combine  in  all  proportions  up  to 
a  certain  point  only,  'and  beyond  that,  coinbination  no  longer  ensues. 
Thus  water  will  take  up  successive  portions  of  common  salt,  lintil  at 
lengdi  it  refuses  to  take  up  more,  or  is  iaturaUd;  and  tiiis  always  oc- 
curs when  the  water  has  dissolved  a  definite  weight  of  the  salt. 

48.  The  term  neutralization  is  applied  to  cases  in  which  bodies  mu- 
tuaDy  disguise  each  other's  properties,  as  is  especially  exemplified  in 
the  union  of  acids  with  alcalis ;  as  of  sulphuric  add,  for  instance,  with 
solution  of  potassa.  The  acid  reddens  violet  juice,  and  is  sour.  The 
potassa  converts  the  blue  to  green,  and  is  acrid.  If  the  acid  solution 
be  gradually  added  to  thealc^ne,  we  shall  find  that,  at  a  certain  point, 
the  taste  will  neither  be  acid  nor  acrid,  but  slightly  saline  and  bitter, 
nor  will  there  be  any  effect  produced  upon  the  vegetable  blue.  Thus 
the  acid  is  neutralized  by  the  alcali,  and  the  compound  has  been  term- 
ed  a  neutral  tail. 

49.  When  we  haive  ascertained  the  proportion  in  which  any  two  or 
more  bodies  of  one  class,  a  b  e^  neutralize  another  body  x  of  a  differ- 
ent class,  it  will  be  found  that  the  same  relative  proportion  of  a  6  c, 
4^.,  will  be  required  to  neutralize  any  other  body  of  the  same  class  as 
X.  Thus,  since  1 00  parts  of  sulphuric  acid,  and  68  (omitting  fractions,) 
of  muriatic  acid,  neutralize  118  of  potassa,  and  since  100  of  sulphuric 
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neutralize  71  of  lime,  we  may  infer  that  68  of  muriatic  acid  wiU  also 
neotralize  71  of  lime. 

ao.  If  the  quantities  of  two  hodies  A  and  B,  that  are  necessary  to 
saturate  a  giren  weight  of  a  third  hody,  he  represented  hy  q  and  r, 
these  quantities  may  be  called  equivalents.  Thus  in  the  above  exam- 
ple (49,)  100  parts  of  sulphuric  acid  and  68  of  muriatic  acid,  are  equi- 
valents  of  each  other.  A  column  of  equivalent  numbers*  of  great  us^cqaj^^cots. 
in  chemical  calculations,  will  be  found  in  the  tables  inserted  in  another 
part  of  this  work.  By  adapting  a  table  of  this  sort  to  a  moveable  scale, 
on  the  principle  of  Gunter^s  sliding  rule,  Dr.  WoUaston  has  construct- 
ed a  [o^ome^rtc  scale  of  chemical  equivalents  f  which  is  capable  of  solving 
with  great  facility  many  problems  of  chemistry. — Phil.  Trans.  1814. 

51.  By  prosecuting  chemical  analysis,  we  arrive  at  a  certain  num- 
ber of  principles  or  elements ;  that  is,  of  bodies  which  have  not  hitherto 
been  decomposed. 

The  nature  of  compound  bodies  is  demonstrated  \xj  two  kinds  of |foa«i  ^r  ■•. 
proof-^fyyU^m  and  analysis,    SyYithesiQ  consists  in  efi^ctmg  the  che-  ^rtainii^  th« 
mica!  union  of  two  or  more  bodies^  which  by  analysis  are  again  oMNMUesr*" 
separated  from  each  other.    The  term  proximate  analysis  has  l^en 
applied  to  the  separation  of  two  bodies  which  are  themselves  com* 
pounded  \  and  ulttmaU  anoli^m  to  the  farther  separation  of  these  com« 
pofinds  into  their  components.    The  composition  of  bhie  vitriol  is  syn- 
thettcaUy  demonstrated  by  uniting  sulphuric  acid  td  oxide  of  copper— 
analjfticaUy  hy  separating  these  proxirhate  elements  from  each  other. 
But  the  sulphuric  acid  consists  of  sulphur  and  oxygen ;  and  oitide  of 
copper  consists  of  copper  and  oxygen  :  eoiisequently,  we  should  say 
that  the  ultimate  component  parts  of  blue  vitriol  are  copper,  sulphur, 
and  oxygen.   . 


Section  III.    Heat. 

52.  Heat  may  be  considered  as  a  power  opposed  to  attraction,  for 

it  tends  to  separate  the  particles  of  bodies;  and  whenever  a  b^dy  i^SJtiJi  wa'T 
heated,  it  is  also  expanded.    Expansion  is  the  most  obvious  and  famUiar  trKtioii. 
effect  of  heat ;  and  it  takes  place^  though  in  different  degrees,  in  all 
fenns  of  matter.     Solids  are  the  least  expansible, — liquids  expand  more 
readily  than  solids, — andgasses  or  aeriform  bodies  more  than  liquids. 

53.  When  a  body  has  been  expanded  by  heatj  it  regains  its  former  |^  •xpand* 
dioiensionfl,  or  con^roctf^^  when  cooled  to  its  former  temperature  jdou  bodicf. 

54.  Different  bodies  expand  differeptly  when  equally  heated^  The  q^^^,  ^^^^ 
metals  are  the  most  expansible  solids ;  but  among  then^  zinc  expands  aiifemit  powr 
more  than  iron,  and  iron  more  than  platinum.  ^?b.^  *'^"' 

The  following  table  shows  the  relative  expansibility  of  some  of  the 
metals,  when  their  temperature  is  raised  from  the  freezing  to  the  boiUng 
point  of  water. 


sta 


HEAT. 


Table  of  tfce 
cipamibilitjr 


Temperature. 

Platiinim. 

steel. 

IroD. 

32» 

120000 

120000 

120000 

212* 

120104 

120147 

120161 

Tempentare. 

Capper. 

BraM. 

Tin. 

32* 

120000 

120000 

120000 

2J20 

120204 

120230 

120290 

Lead. 

Zinc 

320 

120000 

120000 

212« 

120346 

120360 

55.  Liquids  differ  also  in  their  relative  expansibilities:  ether  is 
more  expansible  than  spirit  of  wine,  and  spirit  more  than  water,  and 
water  more  than  mercury.  Those  liquids  are  generally  most  expansi- 
ble which  boil  at  the  lowest  temperature. 

The  following  Table  shows  the  rate  of  expansion  of  several  liquids  : 


Table  of  Om 
expantioa  ^  of 


Temp. 

Merciuy. 

Linsoed 
Oil. 

Suipburic 
Acta. 

Nitric 
Acid. 

Water. 

Oil  of 
Turpent. 

Alcbolio}. 

32P 

100000 

100000 







^_ 

lOOOOC 

40 

100081 

*_ 

99762 

99614 

__ 

-.. 

100639 

60 

100183 

^-^ 

100000 

100000 

100023 

100000 

101106 

60 

100304 

— 

100279 

100486 

100091 

100460 

101688 

70 

100406 

— 

100668 

100990 

100197 

100993 

102881 

80 

100608 

— 

100806 

101630 

100332 

101471 

102890 

90 

100610 

— 

101064 

102088 

100694 

101931 

103517 

100 

100712 

102760 

101317 

102620 

100908 

102446 

104162 

no 

100813 

.-^ 

101640 

103196 

— 

102943 

_ 

120 

100916 

— 

101834 

103776 

101404 

103421 

_ 

130 

101017 

.— 

102097 

104362 

— 

103964 



140 

101119 

..» 

102320 

106132 

. 

104673 

.. 

160 

101220 

— 

102614 

— 

102017 

— 

._ 

160 

101322 

— 

102893 





_ 

- 

170 

101424 

— 

103116 

— 

...^ 

— _ 

_„ 

180 

101626 

— 

103339 

— 

— 

-.^ 

_ 

190 

101628 

^-^ 

103687 

— 

103617 





200 

101730 

— 

103911 

— 

..^ 



.«_ 

212 

101836 

107260 

— 

— 

104677 

— 

— 

*a£^i!^^        66.  In  all  pure  gaseous  bodies,  the  rate  of  expansion  for  similar  in- 
'    /pure  fa- crease  of  temperature  is  similar :   100  measures  of  air,  when  heated 

from  the  freezing  to  the  boiling  point  of  water,  suffer  aa  increase  in 

bulk  =37»6  parts  at  mean  pressure* 


HEAT* 


i% 


The  experiments  of  Gay-Lussac  have  proved  that  steam,  and  alWa* 
poars  are  subject  to  laws  of  expansion  similar  to  those  of  air, -whence  the 
following  Table,  showing  the  changes  ofbalk  suffered  by  100000  parts  of 
air  at  all  temperatures  between  32^  and  212<^,  will  apply  equally  to  all 
gases  and  yapours,  and  will  often  be  found  useful  to  the  practical  chemist. 


Temper. 

Bulk. 

Temper. 

Bulk. 

Tenper. 

Bulk. 

32« 

100000 

69« 

106616 

860 

111232 

33 

100208 

60 

105624 

87 

111440 

34 

100416 

61 

106032 

88 

111648 

36 

100624 

62 

106240 

89 

111856 

36 

100833 

63 

106448 

90 

112064 

37 

101040 

64 

106666 

91 

112272 

38 

101248 

66 

106864 

92 

112480 

39 

101469 

66 

107072 

93 

112688 

40 

101666 

67 

107280 

94 

112896 

1  ^^ 

101872 

68 

107488 

96 

113104 

1  ^* 

102080 

69 

107696 

96 

113312 

1  "^^ 

102290 

70 

107904 

97 

113520 

1  44 

102496 

71 

108112 
108320 

98 

113728 

I  46 

102708 

72 

99 

113936 

1  46 

102916 

73 

J08528 

100 

114144 

47 

103124 

74 

108736 

110 

116224 

48 

103333 

76 

108944 

J  20 

118304 

49 

103636 

76 

109152 

130 

120384 

60 

103749 

77 

109360 

140 

122464 

61 

103962 

78 

109568 

160 

124644 

62 

104166 

79 

109776 

160 

126624 

63 

104368 

80 

109984 

170 

128704 

64 

104676 

81 

110192 

180 

130784 

66 

104791 

82 

110400 

190 

132864 

66 

104992 

83 

110608 

200 

134944 

67 

106200 

84 

110816 

210 

137024 

68 

106408 

86 

111024* 

212 

137440 

Tabk  c(  ft- 
pajk^ion  for  Al 
gate*  ud  rm- 
poari. 


57.  The  expansion  of  liquids  is  not  equable  for  equal  additions  of 
heat  at  different  temperatures.     Thus  the  addition  of  5^  of  heat  to  al-  ^ 

cohol  at  40*,  will  produce  a  less  relative  increase  of  bulk  than  the  same 
addition  of  heat  to  alcohol  of  100*  ;  and  in  general,  the  nearer  a  liquid  yj^^,    ^.^^^^ 
approaches  its  boiling  point,  the  greater  is  it  expansibility.     Those  li-  tbe  bighett 
qoids  therefore  appear  most  equably  expansible  which  have  the  highest  ei'^^  most 
boifoig  points,  and  hence  one  of  the  great  advantages  of  mercury,  as  ^qoabij. 
'nH  presently  be  seen,  in  constructing  thermooieters. 

58,  As  heat  increases  the  bulk  of  all  bodies,  it  is  obvious  that  change  :^; 

of  temperature  is  constantly  producing  changes  in  their  density  or^  ^^.^^  '^ 
specific  gravity,  as  may  be  easily  demonstrated  in  fluids  where  there  tv'ahere^byA 
is  freedom  of  motion  among  the  particles.  If  I  apply  heat  to  the  hot-  ^JXe.^""?' 
lom  of  a  vessel  of  water,  the  heated  part  expands  and  rises,  while  a  *  .' 

cold  or  denser  stratum  occupies  its  place.  In  air,  similar  currents  arc 
continually  produced,  and  the  vibratory  motion  observed  over  chim* 
Bey  pots,  and  slated  roofs  which  have  been  heated  by  the  sun,  depends 
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upon  this  circumstance :  the  warm  air  rises,  and  its  refracting  power 
being  less  than  that  of  the  circumambient  colder  air,  the  currents 
are  rendered  visible  by  the  distoirtion  of  objects  viewed  through  them. 

59.  The  ventilation  of  rooms  and  buildings,  can  only  be  perfectly  effect- 
ed by  suffering  the  heated  and  foul  air  to  pass  off  through  apertures  in  the 
ceiling,  while  fresh  air,  of  any  desired  temperature,  is  admitted  from  be- 
low. Various  contrivances  have  been  resorted  to,  to  prevent  the  passage 
of  cold  air  from  above  downwards  through  the  ventilator,  which  can  only 
be  completely  effected  by  keeping  the  ventilating  tubes  at  a  higher  tem- 
perature than  the  surrounding  air ;  heating  them,  for  instance,  by  steam ; 
passing  them  through  a  fire  ;  or  placing  a  lamp  beneath  them,  of  suffi- 
cient dimensions  to  cause  a  strong  current  upwards :  upon  the  latter 
principle, ^the  gas  chandelier  in  Covent-garden  theatre  being  placed  un- 
der a  large  funnel,  whicb  passes  through  the  roof  into  the  outer  air,  ope- 
rates as  a  very  powerful  ventilator,  all  its  own  heat  end  smoke  passing  off 
with  a  large  proportion  of  the  air  of  the  house. — Quarterly  Journal^  v. 

60.  There  is  only  one  strict  exception  to  the  general  lav7  of  expansion 
by  heat,  and  contraction  by  cold  ;  this  is  in  the  case  of  water,  which  ex- 
pands considerably  when  it  approaches  its  freezing  point.  Water  has  at- 

Jli^Va^of  eT'  Gained  its  maximum  of  density  at  40* ,  and  if  it  be  cooled  below  40®  it  ex- 

PROMOB  bj  ca-  pands  as  the  temperature  diminishes,  as  it  does  when  heated  above  40*  ; 
and  the  rate  of  this  expansion  is  equal  tor  any  number  of  degrees  above  or 
below  this  maximum  of  density,  so  that  the  bulk  of  water  at  32^  and  at  48^ 
will  be  the  same.  Accordingly,  if  two  thermometer  tubes,  one  contain- 
ing spirit  of  wine,  and  the  other  water,  be  immersed  into  melting  snow, 
the  former  will  sink  till  it  indicates  32<» ;  but  the  latter  when  it  has  at- 
tained 40®  begins  to  expand,  and  continues  so  to  do  till  it  freezes. 
This  anomaly  in  respect  to  water  is  productive  of  very  important 

An   ft^went  conscquences,  in  preserving  the  depths  of  rivers  and  lakes  of  a  tem- 

Momaij.       perature  congenial  to  their  inhabitants. 

6 1 .  There  are  many  liquids  which  suffer  considerable  expansion  in  pas- 
sing into  the  solid  state.  This  is  the  case  with  the  greater  number  of  sa- 
line solutions,  and  remarkably  with  water ;  it  seems  connected  with  the 
phasnomena  of  crystallization,  said  is  referable  to  a  new  arrangement  of 

pufiri^re  ia  particles.  That  the  force  with  which  water  expands  intheact  of  freezing, 
frSoM^  t^^  *®  ^^^^  considerable,  is  shown  by  the  rupture  of  leaden  and  iron  pipes  in 
heated  from  wluch  It  H  Suffered  to  freeze.  Dr.  Thomson  has  shown  that  water  in 
tbe^b^m^'^fr^^zing  suffers  a  much  greater  expansion  than  when  heated  from  the 
roiat.  freezing  to  the  boiling  point ;  for  the  specific  gravity  of  water  at  60® 

being  =  1,  that  of  ice  at  32®  is  only  0.92.  Of  the  metals,  Reaumur 
found  that  cast-iron,  bismuth,  and  antimony,  when  expanded  in  becom- 
ing solid ;  the  rest  contracted. 

62.  If  we  mix  equal  quantifies  of  the  same  fluid  at  different  tempera- 
Frineipies  n^  ratures  Jthe  cold  portion  will  expand  as  much  as  the  hot  portion  contracts, 
»om«ten^^^'  ^^  ^^c  resulting  temperature  ia  the  mean ;  so  that  it  appears,  that  as 
coMtnxcted.   much  heat  as  is  lost  by  the  one  portion  is  gained  by  the  other.    Upon 

this  principle,  ihermofneiers  are  constructed.  A  common  thermometer 
consists  of  a  tube  terminated  at  one  end  by  a  bulb,  and  closed  at  the  other. 
The  bulb  and  part  of  the  tube  are  filled  with  a  proper  liquid,  generally 
mercury,  and  a  scale  is  applied,  graduated  into  equal  parts.  Whenever 
this  instrument  is  applied  to  bodies  of  the  same  temperature,  the  mercu- 
ry, being  similarly  expanded,  indicates  the  same  degree  of  heat. 

63.  In  dividing  the  scale  of  a  thermometer,  the  two  fixed  points  usually 
resortedtoare the  freezingandboilingof  water ,which  always  take  place  at  ^ 
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the  same  temperatore,  when  under  the  same  atmospheric  pressure.  The 
iDtennediate  part  of  the  scale  is  diyided  into  any  convenient  number  cf 
d^rees  ;  and  it  is  obrions,  that  all  thermometers  thus  constmcted  will 
in£cate  the  same  degree  of  heat  when  exposed  to  the  same  temperature. 
lnthecentigradethermometer,this8pace  is  divided  into  100^ ;  the  freez- 
ing of  water  being  marked  0*,  the  boiling  point  100^.  In  this  country 
we  use  Fahrenheit's  scale,  of  which  the  0*  is  placed  at  32^  bdow  the 
freezing  of  water,  which,  therefore,  is  marked  32o ,  and  the  boiling  point 
212*,  the  intermediate  space  being  divided  into  180^.  Another  scde 
is  Reaumur's  ;  the  freezing  point  is  0«,  the  boiling  point  80**.  These 
are  the  principal  thermometers  used  in  Europe. 

64.  Each  degree  of  Fahrenheit's  scale  is 
equal  to  ^  of  a  degree  on  Reaumur's :  if,  there- 
fore, the  number  of  degrees  on  Fahrenheit's 
scale,  above  or  below  the  freezing  of  water,  be 
multiplied  by  4,  and  divided  by  9,  the  quotient 
will  be  die  corresponding  degree  of  Reaumur. 


6ft«— 32<^=  36X4=1444-  9=16« 
212o_32«=180X4=720-i.9=8(« 


To  reduce  the  degrees  of  Reaumur  to  those 
of  Fahrenheit,  they  are  to  be  multiplied  by  9, 
and  divided  by  4. 


BMOMff.  Fatooiliftit 

16«»X9=144^4s  36*+32»=B  68 
80*>X9=720^4=»180  +32<>=212 


Every  degree  of  Fahrenheit  is  equd  to  f  of  a 
degree  on  the  centigrade  scale ;  the  reductioBy 
therefore,  is  as  follows : 


r»)in>Blieit..  Ceotifrtdf. 

213— 32=180X5=9004-9=100^ 


C»8%T«de.  Fahrenheit. 

r00X9=9OO^5=180+32=212» 


The  annexed  is  a  comparative  table  of  the 
difierent  thermometrical  scales,  including  de 
Ligle^s,  in  which  the  graduation  commences 
with  the  boiling  point  which  is  marked  0^,  and 
the  freezing  150**. 
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65.  When  a  thermometer  is  intended  to  measure  Tery  loir  tempe-* 
Aarftotefe  «f  raturcs,  spirit  of  wine  is  employed  in  its  construction,  as  that  fluid 
ifiritof  wiiie.||3g  never  been  frozen,  whereas  the  low  temperature  at  which  it  boils, 

renders  it  unfit  for  measuring  high  temperatures.    Q^cksilver  will  in- 
dicate 600^,  but  freezes  at  40*. 

66.  Air  is  sometimes  resorted 
to  as  indicating  very  small  change 
es  of  temperature ;  and  of  air  ther- 
mometers, that  described  by  Pro- 
fessor Leslie  {Elxperimental  /n- 
quiry  into  the  Naturt  and  Propo' 

LtiWt'tHStfgaiion  of  Heaty  by  John  Leslie, 
totiai  ther-   Loudon,  1804,  p.  9,  ^c.yunder  the 

name  of  the  difftrtfUial  Tturmomi- 

ier^  is  the  best     It  consists  of  two 

large  glass  bulbs  containing  air, 

united  by  a  tube  twice  bent  at  right 

angles,  containing   coloured  ral- 

phuric  acid.     When  a  hot  bod^ 

approaches  one  of  the  bulbs,  it 

drives  the  fluid  towards  the  other. 

The  great  advantage  of  this  instru- 
ment in  delicate  experiments  is 

that  general  changes  of  the  atmos- 
phere's temperature  do  not  afiect 

it,  but  it  only  indicates  the  differ* 

ence  of  temperature  between  the 

two  balls. 


^r«pl€  air 


67.  Sometimes  a  simpler  form  of  the  air  thermometer  is 
employed,  consisting  merely  of  a  tube  with  a  bulb  at  one 
extremity,  the  other  end  being  open  and  immersed  into  co- 
loured water,  which  by  expelling  a  portion  of  air  from  the 
tube  by  heat,  is  made  to  stand  at  any  convenient  height : 
the  liquid  in  the  tube  descends  and  rises  on  heating  and 
cooling  the  air  in  the  bulb. 

68.  The  relative  quantities  of  heat  which  different  bodies 
in  the  same  state  require  to  raise  them  to  the  same  ther- 
mometric  temperature,  is  called  their  tpecijie  heat,  and 

SfMiSeMio.  those  bodies  which  require  most  heat  are  said  to  have  the 
greatest  capacity  for  heat.  That  the  quantity  of  heat  in 
different  bodies  of  the  same  temperature  is  different,  was 
first  shown  by  Dr.  Black,  in  his  lectures  at  Glasgow  in 
1762. 


69.  It  has  been  stated  as  a  proof  of  the  accuracy  of  the  thermome- 
ter, that  equal  volumes  of  the  same  fluid,  pit  different  temperatures, 
.  g^ve  the  arithmetical  mean,  on  mixture.    Thus,  the  temperature  of  a 

»c^ncj  of  pint  of  hot  and  a  pint  of  cold  water  is,  after  mixture,  as  near  as  possi- 
ble half-wav  between  the  extremes.  The  cold  water  being  of  a  tem- 
perature of  60^,  and  the  hot  of  100^,  the  mixture  raises  the  thermom- 
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fter  to  75^.  But  if  a  pint  of  qoicksilTer  at  100^  be  mixed  with  a  pint 
of  water  at  60^,  the  resoltiikg  temperature  is  not  75^,  but  70'' ;  so  that 
the  quicksilver  has  lost  30^,  whereas  the  water  has  only  gained  20^. 
Hence,  it  appears,  that  the  capacity  of  mercury  for  heat  is  less  than 
that  of  water ;  and  if  the  weight  of  the  two  bodies  be  compared,  which 
are  as  13.3  to  1,  their  capacities,  will  be  to  each  other  as  19  to  1. 

70.  In  cases  where  the  specific  heat  of  bodies  is  to  be  ascertained, 

it  is  con?enient  that  water  should  be  the  standard  of  comparison,  or=  Wfttutbe 
1.    The  following  is  a  general  formula  for  determining  the  specific  *^^^tett. 
heat  of  bodies,  from  the  temperature  resulting  from  the  mixture  of 
two  bodies  at  unequal  temperatures,  whatever  be  their  respective 
qnantities.     Multiply  the  weight  Of  the  water  by  the  difference  be- 
tween its  original  temperature,  and  that  of  the  mixture :  also,  multiply  J'*'™^^^ 
the  we^ht  of  the  other  liquid,  by  the  difference  between  its  tempera- tfait^^2fi?U> 
tare  and  that  of  the  mixture  :  divide  the  first  product  by  the  second, '•^•'**^**'* 
and  the  quotient  will  express  the  specific  heat  of  the  other  substance, 
that  of  water  being  =  I.     Thus,  SO -ounces  of  water  at  106^,  mixed 
with  12  ounces  of  spermaceti  oil  at  40^,  produce  a  temperature  of  90^. 
Therefore,  multiply  20  by  16  (the  difference  between  105  and  90^  =: 
^00.     And  multiply  12  by  5o\lhe  difference  between  40  and  90)  = 
600.     Then  300,  -r*  600,  =4,  wMch  is  the  specific  beat  of  oil ;  that 
is,  water  being  ss  1,  oil  is  =  0,6. 

71.  The  capacities  of  bodies  for  heat  have  considerable  influence 
Tipon  the  rate  at  which  they  are  heated  and  cooled.  Those  bodies 
wSch  are  most  slowlv  heated  and  cooled  have  generally  the  greatest 
capacity  for  heat.     Thus,  if  equal  quantities  of  water  and  quicksilver 

be  placed  at  equal  distances  from  the  fire,  the  quicksilver  will  be  more  Le.)i«.g„g;, 
rapidly  heated  than  the  water,  and  the  metal  will  cool  most  rapidly  tbod.      "^ 
when  carried  to  a  cold  place.     Upon  this  principle,  Professor  Leslie 
ingeniously  determined  the  specific  heat  of  bodies,  observing  their 
relative  times  of  cooling  a  certain  number  of  degrees,  comparatively 
with  water,  under  similar  circumstances. 

M.  M.  Petit  and  Dulong  have  published  some  important  researches  ah  %um» 
on  the  subject  of  specific  heat,  which  render  it  probable  that  the  atoms  }SJ"J^e''*J? 
of  all  simple  substances  have  exactly  the  same  capacities  for  heat.       ^•aty  for  ct; 

72.  Lavoisier  and  La  Place  endeavoured  to  ascertain  the  specific 
heat  of  bodies  by  the  relative  quantities  of  ice  which  they  were  capa- 
ble of  thawing,  during  cooling :  thus,  if  a  pint  of  water  in  cooling  from 
!12^  to  32*^  melted  a  pound  of  ice,  and  a  pint  of  oil  in  passing  through  ^SoSu^^  * 
the  same  range  of  temperature  only  gave  out  heat  enough  to  thaw  half 
a  pound  of  ice,  it  was  concluded  that  the  specific  heat  of  water  being= 
l>  that  of  the  oilwas=0.6.  The  instrument  which  they  employed  in 
these  researches,  and  which  is  fully  described  in  Lavoisier's  Elements  of 
Clumi$try^  is  not  however,  susceptible  of  accuracy,  for  Mr.  Wedgwood 
has  shown  that  it  is  scarcely  possible  to  separate  the  water  from  the 
ice.-^PWI.  Trans.  Vol.  Ixxiv. 

73.  The  capacity  of  gases  and  vapours  differs  with  the  nature  of  the 
gas,  and  with  its  density.     In  gases,  dilatation  produces  cold,  and  com-    . 
pression  excites  heat     A  thermometer  suspended  in  the  receiver  of^^^^^^l 
the  air-pump  sinks  during  exhaustion,  and  sudden  compression  of  aircoiacomprei. 
produces  heat  sufficient  to  inflame  tinder.     In  liquids,  too,  condensa- •'**"  ****'* 
tion  diminishes  capacity  for  heat ;  hence  the  mixture  of  spirit  and  wa- 
ter, and  of  sulphuric  acid  and  water  evolves  heat.    The  increased  ca- 

£ 
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pacity  which  air  acquires  by  rarefaction  has  its  inflaence  in  modifjing 

natural  temperatures.     The  air,  becoming  rarer  as  it  ascends,  absorbs 

its  own  heat  and  hence  becomes  cold  in  proportion  as  it  recedes  from 

the  earth's  surface  :  thus  moisture,  rain,  or  snow,  are  thrown  down  on 

the  mountain-tops. 

Conaociiigr        74 .  W  hen  different  bodies  are  exposed  to  the  same  source  of  heat,  they 

SieTforcaio.  Buffer  it  to  pass  through  them  with  very  different  degrees  of  velocity  or 

'■^  they  have  various  conducting  powers  in  regard  to  heat.     Among  solid  bo* 

dies,  metals  are  the  best  conductors  ;   and  silver,  gold,  and  copper  are 

better  conductors  than  platinum,  iron,  and  lead.   Next  to  the  metals,  we 

may,  perhaps,  place  the  diamond,  and  topaz  ;  then  glass  ;  then  siliceous 

and  hard  stony  bodies  in  general ;  then  soft  and  porous  earthy  bodies,  and 

wood;  and  lastly,  down,  feathers,  wool,  and  other  porous  articles  of 

clothing. 

75.  To  compare  the  relative  conducting  powers  of  metals,  and  some 
lr«uio4  of  a«-  other  solids,  small  cones  of  the  different  substances  may  be  used  about 
^rmimn;  *^hree  iuches  high,  and  half  an  inch  in  diameter  at  their  bases  :  these 
may  be  tipped  at  the  apex  with  a  small  piece  of  wax,  and  being  placed 
on  a  heated  metallic  plate,  will  indicate  the  conducting  powers  by  the 
relative  times  required  to  fuse  the  wax,  which  will  be  directly,  as  the 
power  of  conducting  heat 

The  difference  between  the  conducting  power  of  the  diamond  and 
rock  crystal  or  glass,  is  shown  by  applying  the  tongue  to  those  sub- 
stances, when  the  former  feels  colder  than  the  latter. 

From  the  experiments  of  Professor  Mayer,  of  Erlangen,  (.^iino/eftie 
Chimte,  tom.  xxx.)  it  would  appear  that  the  conducting  powers  of  dif- 
ferent woods  is  in  some  measure  inversely  as  their  specific  gravities, 
as  shown  by  the  following  table,  water  bemg  assumed  as  s  1. 


Cofidoetiii;  Powei 

r. 

Specif.  Or»T, 

Water 10 

.  .....   1.000 

TaU««f  eoor 

Ebony  Wood 21.7 

1.054 

Apple  tree 27.4 

0.639 

en. 

Ash 30.8 

0.631 

Beech 32.1 

0.692 

Hornbeam 32.3 

0.690 

Plum  tree 32.5 

0.687 

Elm 32.6 

0.646 

Oak 32.6 

0.668 

Pear  tree 33.2 

0.603 

Birch 34.1 

0.608 

Silver  fir 37.6 

0.495 

Alder 38.4 

0.484 

Scotch  fir 38.6 

0.408 

Norway  Spruce 38.9 

0.447 

Lime 39,0 

0.408 

Count  Rumford's  experiments  on  the  conducting  power  of  several 
substances  used  as  clothing  offer  some  interesting  results,  {Phil,  Trant. 
1 792.)     He  found  that  a  thermometer  enclosed  in  a  tube  and  bulb  of  the 
condoeiiar    *^nie«bape,but  large  enough,  to  allow  of  an  inch  vacant  space  between 
powerof cloth- the  two,  being  previously  heated,  required  676  seconds  to  cool  135*^. 
iHf  MbitancM.  When  16  grains  of  lint  were  diffused  through  the  confined  air,  it  took 
1032  seconds  to  undergo  the  same  change  of  temperature ;  and  1 306  se- 
conds with  the  same  weight  of  Eider-down.   The  compression  of  floccu^ 
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lent  snhstaoces  to  a  certain  extent,  renders  them  still  inferior  conductors: 
thttSy  when  the  space  which  in  the  above  experiments  contained  16 
grains  of  Eider-down  was  filled  with  32,  and  then  with  64  grains,  the 
times  required  for  the  escape  of  60  degrees  of  heat  were  successively 
increased  from  1305''  to  1472^  and  1615". 

On  the  other  hand  to  show  the  effect  of  mere  texture ^  similar  com-  cre«tof  tax* 
parative  trials  were  made  of  the  conducting  powers  of  equal  weights  of**^* 
raw  silk,  of  ravelings  of  white  taffeta,  imd  of  common  sewing  silk,  of 
which  the  first  has  Qie  finest  fibre,  the  second  less  fine,  and  the  third 
from  being  twisted  and  harder  is  much  coarser.  The  difference  be- 
tween these  three  modifications  *of  the  same  substance  is  verj  striking 
the  raw  silk  detaining  the  heat  for  1284",  the  taffeta  ravelings  1169", 
and  the  silk  thread  only  91T  . — ^Aikin's  Diet.  Art.  Caloric 

76.  Liquids  and  gases  are  very  imperfect  conductors  of  heat,  andLiqoidtua 
heat  is  generally  distributed  through  them  by  a  change  of  specific  gra-Sili'gffy 
vity,  as  before  stated  (58.  59.) 

If.  we  apply  heat  to  the  upper  surface  of  any  fluid,  it  will  with  great 
difficulty  miake  its  way  downwards.  Count  Rumford  considered  fluids 
as  non-conductors  of  heat ;  but  the  more  accurate  researches  of  Dal* 
ton,  Hope,  Murray,  (System  of  Chemistry,  Vol.  i.,)  and  Thomson, 
{St^stefn  of  Oienuftn^ ,  V  ol.  i.,)  have  demonstrated  that  they  do  conduct^ 
though  very  imperfectly. 

Thus,  if  we  carefully  pour  hot  oil  upon  water  in  a  tall  glass  jar  with 
delicate  thermometers  placed  at  different  distances  under  the  surface,  ^ 

it  will  be  found  that  those  near  the  heated  surfiice  indicate  increase  of  '  "^ 
temperature :  it  might  here  be  said  that  the  heat  was  conducted  by  the 
tides  of  the  jar,  and  so  communicated  to  the  water ;  to  obviate  such  ob- 
jection, Mr.  Murray  made  the  experiment  in  a  vessel  of  ice,  which  be- 
ing converted  into  water  at  32*,  cannot  convey  any  degree  of  heat 
above  32^  downwards ;  yet  the  Uiermometers  were  affected,  as  in  the 
former  trial. 

Experiments  on  the  conducting  power  of  air  are  complex  and  diffi- 
cult, and  the  results  hitherto  obtained  are  unsatisfactory.  They  are 
interfered  with  by  several  circumstances  hereafter  to  be  noticed,  and 
especially  by  radiation. 

77.  The  different  conducting  powers  of  bodies  in  respect  to  heat, 
are  shown  in  the  appUcation  of  wooden  handles  to  metallic  vessels  ;  or 
a  stratum  of  ivory  or  wood  is  interposed  between  the  hot  vessel  and 
the  metal  handle.  The  transfer  of  heat  is  thus  prevented.  Heat  is 
confined  hy  bad  conductors  ;  hence  clothing  for  cold  climates  consists 
of  wooleo  materials ;  hence,  too,  the  walls  of  furnaces  are  composed 
of  day  and  sand.  Confined  air  is  a  very  bad  conductor  of  heat ;  hence 
the  advantage  of  double  doors  to  furnaces,  to  prevent  the  escape  of 
heat;  and  of  a  double  wall,  with  an  interposed  stratum  of  air,  to  an 
icehouse,  which  prevents  the  influx  of  heat  from  without. 

78.  From  the  different  conducting  powers  of  bodies  in  respect  to 

heat,  arise  the  sensations  of  heat  and  cold  experienced  upon  their  ap- S^^J^'^ld. 
plication  to  our  organs,  though  their  thermometric  temperature  is  simi- 
lar. Good  conductors  occasion,  when  touched,  a  greater  sensation  of 
beat  and  cold  than  bad  ones.  Metal  feels  cold  because  it  readily  car- 
ries off  the  heat  of  the  body ;  and  we  cannot  touch  a  piece  of  metal 
immersed  in  air  of  a  temperature  moderate  to  our  sense. 

79.  Heat  has  great  influence  on  the  forms  or   states  of  bodies. 
When  we  heat  a  solid,  it  becomes  fluid  or  gaseous ;  and  liquids  are 
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conrerted  into  aerifortn  bodies  or  vapours.  Dr.  Black  investigated 
this  effect  of  heat  with  singular  felicity,  and  his  researches  rank  among 
the  most  admirable  efforts  of  experimental  philosophy,  (Black's  Lee- 
turesy  edited  by  John  jRo6won,  LL.D.)  During  the  liquefaction  of  bo- 
dies, a  quantity  of  heat  is  absorbed,  which  is  essential  to  the  state  of 
fluidity,  and  which  does  not  increase  the  sensible  or  thermometric 
temperature.  Consequently,  if  a  cold  solid  body,  and  the  same  body 
hot  and  iiT  a  liquid  state,  be  mixed  in  known  proportions,  the  tempera- 
ture after  mixture  will  not  be  the  proportional  mean,  as  would  be  the 
case  if  both  were  liquid,  but  will  fall  short  of  it ;  much  of  the  heat  of 
the  hotter  body  being  consumed  in  rendering  the  colder  solid,  liquid^ 
before  it  produces  any  effect  upon  its  sensible  temperature. 

80.  Equal  parts  of  water  at  32«,  and  of  water  at  212"*  wUl  produce 
on  mixture  a  mean  temperature  of  122^.  But  equal  parts  of  tee  at 
32* ,  and  of  water  at  212®,  will  only  produce  (after  the  liquefaction  of 
the  ice)  a  temperature  of  62^,  the  greater  portion  of  the  heat  of  the 
water  being  employed  in  thawing  the  ice,  before  it  can  produce  any 
rise  of  temperature  in  the  mixture.  To  heat  thus  insensible  or  combin" 
edy  Dr.  Black  applied  the  term  latent  heat.  The  actual  loss  of  the 
thermometric  heat  in  these  cases  was  thus  estimated ;  a  pound  of  ice 
at  32<>  was  put  into  a  pound  of  water  at  \199  ;  the  ice  melted,  and  the 
temperature  of  the  mixture  was  32^.  Here  the  water  was  cooled 
140«,  while  the  temperature  of  ice  was  unaltered  ;  that  is,  140®  of 
heat  disappeared,  their  effect  being  not  to  increase  temperature,  but  to 
proi1tl'*e  fluidity. 

81.  The  same  phaBuomena  are  observable  in  all  cases  of  liquefiic- 
tion,  and  we  produce  artificial  cold,  often  of  great  intensity,  by  the  ra- 
pid solution  of  certain  saline  bodies  in  water.  Upon  this  princi[4e  the 
action  of  freezing  mixtures  depends,  some  of  which  may  frequently  be 
conveniently  and  (Economically  applied  to  the  purpose  of  cooling  wine 
or  water  in  hot  climates,  or  where  ice  cannot  be  procured.  The  fol- 
lowing Table  shews  the  results  of  some  of  Mr.  Walker's  experiments 
en  this  subject. 


Tabic  of  fri- 


Mixture*. 

Tb^rmomdcr  liakt. 

Muriate  of  Mnmnnift  .  .  . 

Nitre   

Parts. 

5 

5 

From  50*  to  10« 

Water 

16 

Nitrate  of  ammnnia    . . . 
Water 

1 

1 

From  50*  to  4» 

Sulphate  of  soda 

5 

Fn»i50*to3» 

DUuted  sulphuric  acid.. 

4 

Snow 

C^dlUikkdukk  ra.it  ....... 

1 

1 

From32«to0* 

Muriate  of  lime 

3 

Frora32«to--50« 

Snow 

2 

Snow 

2 

Diluted  sulphuric  acid   . 
Diluted  nitric  acid 

1 

1 

Snow  or  pounded  ice   . . 
Commoa  salt  ........ 

12 

5 

From-18*  to-25'> 

PRtrate  of  ammonia  . . . 

.....    5 

Muriate  of  lime 

3 

F«3m_40«  to-73t 

Snow 

1 

Diluted  sulphuric  acid    . 
Soow 

10 

8 

rrom-68«  ta-81« 
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in  order  to  produce  these  effects,  the  salts  employed  must  be  fresh  ciroOTi,t«ncei 
crystallized,  and  newly  reduced  to  a  very  fine  powder.     The  vessels  to  b«  attefl4«4 
in  which  the  freezing  mixture  is  made  should  be  very  thin,  and  just^**' 
large  enough  to  hold  it,  and  the  materials  should  be  mixed  together  as 
quickly  as  possible. 

In  order  to  produce  great  cold,  they  ought  to  be  first  reduced  to  the 
temperature  marked  in  the  table,  by  placing  them  in  some  of  the  other 
freezing  mixtures ;  and  then  th^y  are  to  be  mixed  together  in  a  simi- 
lar freezing  mixture. — Phil.  Trans. ^  1796. 

82.  When  fluids  are  converted  into  solids,  their  latent  heat  becomes 
sensible  ;  thus  when  a  solution  of  Glauber's  salt  is  made  suddenly  to 
crystallize  (16),  its  temperature  is  considerably  augmented  ;  and  when 
water  is  poured  upon  quicklime,  a  great  degree  of  heat  is  produced  by  madVieaiSu* 
the  solidification  which  it  suffers  in  consequence  of  chemical  combina- 
tion ;  congelation,  therefore,  is  to  surrounding  bodies  a  heating  process 

and  lique&ction  a  cooling  process. 

83.  When  liquids  are  heated,  they  acquire  the  gaseous  form,  and  be- 
come invisible  elastic  fluids,  possessed  of  the  mechanical  properties  of 
common  air.  They  retain  this  form  or  state  as  long  as  their  tempera- 
ture remains  sufficiently  high,  but  re-assume  the  liquid  form  when 
cooled  again.  Different  fluids  pass  into  the  aeriform  state  at  different 
temperatures,  or  their  boiling  points  are  different ;  these  are  also  re- 
gulated by  the  density  of  the  atmosphere.  If  we  diminish  atmospheric 
pressure,  we  lower  the  boiling  point.  When  the  barometer  *is  at  28 
inches,  water  will  boil  at  a  lower  temperature  than  when  it  is  at  31 
inches.  Water  under  mean  atmospheric  pressure  boils  at  212^.  At 
the  top  of  Mont  Blanc,  Saussure  found  that  it  boiled  at  IS?*',  so  that 

the  heights  of  mountains,  and  even  of  buildings,  may  be  calculated  by  ^^J^^^^^" 
reference  to  the  temperature  at  which  water  boils  upon  their  summits.  tbechugMia 
The  Reverend  Mr.  Wollaston  has  described  to  the  Royal  Society  the  {^Lto*  o?wa. 
method  of  constructing  a  thermometer  of  extreme  delicacy,  applica-  ^«'* 
ble  to  these  purposes, — PhiL  Trans, ^  1817.     In  the  vacuum  of  an  air- 
pomp,  fluids  boil  at  temperatures  considerably  below  their  ordinary 
boihng  points. 

84.  The  following  apparently  paradox- 
ical experiment  also  illustrates  the  influ- 
ence of  diminished  pressure  in  ^cilitat- 
ing  ebullition.  Insert  a  stopcock  secure- 
ly into  the  neck  of  a  Florence  flask, 
containing  a  little  water,  and  heat  it  over 
aUmp  till  the  water  boils,  and  the  steam 
freely  escapes  by  the  open  stopcock;  then 
roddenly  remove  the  lamp  and  close  the 
cock.  T  he  water  will  soon  cease  to  boil ; 
but  if  plunged  into  a  vessel  of  cold  water 
ebullition  instantly  recommences,  but 
ceases  if  the  flask  be  held  near  the  fire  : 
the  vacuum  in  this  case  being  produced 
by  the  condensation  of  the  steam. 
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85.  Under  increased  pressure  on  the  con- 
SeMoMi^  trary,  fluids  require  a  higher  temperature 
effect  of  pre»-  to  produce  their  ebullition,  as  may  be  shown 
'"**'  by  the  following  experiments,     a  is  a  strong 

brass  globe,  composed  of  two  hemispheres 
screwed  together  with  flanches  ;  a  portion  of 
quicksilver  is  introduced  into  it,  and  it  is  then 
about  half  filled  with  water.  6  is  a  barome- 
ter-tube passing  through  a  steam-tight  collar, 
and  dipping  into  the  quicksilver  at  the  bot- 
tom of  the  globe,  c  is  a  thermometer  gra- 
duated to  about  400*,  and  also  passing 
through  an  air-tight  collar.  c2  is  a  stopcock, 
and  e  a  large  spirit  lamp.  The  whole  is 
supported  upon  the  brass  frame  and  stand/. 
Upon  applying  heat  to  this  vessel,  the  stop-  * 
cock  being  closed  as  soon  as  the  water  boils, 
it  will  be  found  that  the  temperature  of  the 
water  and  its  vapour  increases  with  the 
pressure,  which  is  measured  by  the  ascent 
of  the  mercury  in  the  barometer-tube.  The 
thermometer  under  atmospheric  pressure 
being  at  212®,  will  be  elevated  to  217*>  un- 
der a  pressure  of  five  inches  of  mercury, 
and  to  242<»  under  a  pressure  of  30  inches, 
or  thereabouts  ;  each  inch  of  mercury  pro- 
ducing by  its  pressure  a  rise  of  about  I''  in 
the  thermometer.  The  barometer-tube  al- 
so serves  the  purpose  of  a  safety-valve,  the 
itrength  of  the  brass  globe  being  such  as  to 
resist  a  greater  pressure  than  that  of  one  at- 
mosphere. 
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86.  The  conversion  of  a  liquid  into  vapour  is  always  attended  with 
great  loss  of  thermometric  heat ;  and  as  liquids  may  be  regarded  as 
compounds  of  solids  and  heat,  so  vapours  may  be  considered  as  con- 
sisting of  a  similar  combination  of  heat  with  liquids  ;  in  other  words, 
a  great  quantity  of  heat  becomes  latent  during  the  formation  oi  vapour. 
This  is  easily  illustrated  by  immersing  a  thermometer  into  an  open 
vessel  of  water  placed  over  a  lamp.  The  quicksilver  rises  to  212^« 
the  water  then  boils,  and  dthough  the  source  of  heat  rem-uns,  neither 
the  water  nor  the  steam  acquire  a  higher  temperature  than  21 2*  ;  the 
heat  then  becomes  latent,  and  is  consumed  in  the  formation  of  steam. 

87.  T9  ascertain  the  absolute  loss  of  thermometric  beatin  this  case^' 
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Dr.  Black  instituted  the  following  experiments :  he  noted  the  time  re- 
quired to  raise  a  certain  quantity  of  water  to  its  boiling  point ;  he  then 
kept  up  the  same  heat  till  the  whole  was  evaporated,  and  marked  the 
time  consumed  by  the  process  ;  it  was  thus  computed  to  what  height  the 
temperature  would  have  risen,  supposing  tl)e  rise  'to  have  gone  on 
above  212*,  in  the  same  ratio  as  below  it ;  and  as  the  temperature  of 
the  steam  was  the  same  as  that  of  the  water,  it  was  fairly  inferred  that 
all  the  heat  above  212®  was  essential  to  the  constitution  of  aqueous  ^a- ^»j^'»«J^»^ 
pour.  Dr.  Black  estimated  this  quantity  at  about  810®  ;  that  is,  the  teat  e!jorie  in 
same  quantity  of  heat  which  is  required  for  the  total  evaporation  of*^ 
boiling  water  at  212®  would  be  sufficient  to  raise  the  water  810®  above 
its  boiling  point,  or  to  1 022®  had  it  continued  in  the  liquid  state.  There 
are  other  means  of  ascertaining  the  latent  heat  of  steam,  which  lead  us 
to  place  it  between  900*  and  1000®. 

88.  The  following  table  of  the  latent  heat  of  steam  and  some  other 
vapours  is  extracted  from  a  paper  in  the  Philosophical  TraruacttoM  for 
1818,  by  Db.  Ure. 

Vapour  of  Water  at  212^ 967».00 

Alcohol 442  .00 

Ether 302  .38 

Petroleum 177  .87 

Oil  of  Turpentine  ;".     177  .87 

Nitric  acid 631  .99 

Liquid  AnuBonia  .  .  .     837  .28 

Vinegar 875  .00 

89.  When  steam  is  again  condensed,  or  when  vapours  re-assume  the  T»Me  of  the 
liquid  state,  their  latent  heat  becomes  sensible  ;  and  in  this  way  it  is  i^teot  calorie 
obvious  that  a  small  quantity  of  steam  will,  during  its  condensation  com-  a^IV^^ 
municate  heat  sufficient  to  boil  a  large  quantity  of  water.  ^''  ^^' 

The  small  boOer,  represented  in  the  annexed  cut  taken  from  Dr. 
Hehry 's  ElemenU  of  Chemistry,  may  be  conveniently  employed  in  ex- 
periments on  the  latent  heat  of  steam. 
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For  this  purpose  the  tube  e  must  be  screwed  on  the  stop-cock  6,  and 
immersed  into  the  glass  of  water/.  The  cock  c  being  closed,  the 
steam  arising  from  the  boiling|Water  a  will  pass  into  the  cold  watery*, 
the  temperature  of  which  will  be  much  augmented  by  its  condensation. 
Ascertain  the  increase  of  temperature  and  weight,  and  the  result  will 
show  how  much  a  given  weight  of  water  has  had  its  temperature  raised 
by  a  certain  weight  of  condensed  steam.  To  another  quantity  of  water, 
of  the  same  weight  and  temperature  as  that  in  the  jar  at  the  outset  of  the 
experiment,  add  a  quantity  of  water  at  2 1 2^,  equal  in  weight  to  the  con- 
densed steam ;  it  will  be  found,  on  comparing  the  resulting  tempera- 
tures, that  a  given  weight  of  steam  has  produced,  by  its  condensation,  a 
much  greater  elevation  of  temperature  than  the  same  quantity  of  boil- 
ing water. — Hbnrt,  Vol.  i.  p.  106,  7th  edit. 

90.  In  breweries  and  other  manufactories,  where  large  quantities  of 
warm  and  boiling  water  are  consumed,  it  is  frequently  heated  by  thus 
conveying  steun  into  it,  or  by  suffering  steam-pipes  to  traverse  the  ves- 
sels or  by  employing  double  vessels,  a  plan  adopted  with  particular  ad- 
vantage in  the  laboratories  at  Apothecaries  Hall.     This  method  of 
Tfiii  property  warming  water  has  also  been  very  advantageously  applied  to  heating 
ug^°ofia^  baths.     Where  a  higher  temperature  than  212^  is  required  it  is  neces- 
MOM  aru.      ggry  iQ  employ  steam  under  adequate  pressure,  and  a  very  ingenious 
means  of  producing  high  pressure  steam  for  this  purpose  has  been 
contrived  by  Messrs.  J.  and  P.  Ta^or,  and  applied  by  them,  upon  a 
very  large  scale,  at  Whitbread  and  Co.'s  brewhouse. 

The  heat  given  off  by  steam  during  its  condensation,  is  also  often  ad- 
vantageoqsly  applied  to  warming  buildings,  and  is  at  once  safe,  salubri- 
ous, and  economical. 

91.  The  cold  produced  by  evaporation  is,  under  certain  circumstan- 
ces, very  great.     Spirit  of  wine,  and  ether,  which  readily  evaporate, 

Re^Qct'wBof  produce  considerable  cold  during  that  process.  Upon  this  principle 
iTt"!™!!!?  wine-coolers,  and  similar  porous  vessels,  refrigerate  the  fluids  they 
tioo.  contain  ;  and  thus,  by  accelerating  the  evaporation  of  water,  by  expos- 

ing it  under  an  exhausted  receiver,  containing  bodies  that  quickly  ab- 
sorb its  vapour.  Professor  Leslie  has  contrived  to  effect  its  congelation  ; 
the  heat  required  for  the  conversion  of  one  portion  of  the  water  into 
vapour  being  taken  from  the  other  portion,  which  is  thus  reduced  to  ice. 
— See  Supplement  to  Encyclopedia  Brit,,    Art.  Cold. 

92.  The  instrument  invented  by  Dr.  WoUaston,  and  called  by  him 
the  CryophoruSy  acts  upon  a  similar  principle.  It  consists  of  a  glass 
tube  with  a  bulb  at  each  extremity,  of  the  shape  annexed. 


€rf  ophonis  of 
Wolla«U>a. 


One  of  the  bulbs  is  about  half  filled  with  with  water,  and  a  good  va- 
euum  is  produced  in  the  other  by  boiling  the  water  and  sealing  the  tube 
whilst  full  of  steam.  On  immersing  the  empty  bulb  in  a  freezing-mix- 
ture, the  water  soon  congeals  in  the  other,  edthough  the  intervening  tube 
be  two  or  three  feet  long.    The  vapour  in  the  empty  bulb  is  condensed 
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bj  the  cold,  and  a  A^sh  quantity  of  vapour  arises  successively  from  the 
water  in  the  other,  hy  which  so  much  heat  is  carried  off  as  to  cause  it  (o 
congeal. — Phil.  Trans.  1813. 

93.  In  many  natural  operations  the  conversion  of  water  into  vapour, 
and  the  condensation  of  vapour  in  the  form  of  dew  and  rain,  is  a  process 
of  the  utmost  importance,  and  tends  considerably  to  the  equalization  of 
temperature  over  the  globe. 

94.  Nothing  is  known  of  the  nature  or  cause  of  heat.     It  has  been 

by  some  considered  as  a  peculiar  fluid,  to  which  the  term  Caloric  has  J^"**  • 
been  applied  ;  and  many  phaenomena  are  in  favour  of  the  existence  or 
such  a  fluid.     By  others,  the  phaenomena  above  described  have  been 
referred  to  a  vibratory  motion  of  the  particles  of  matter,  varying  in  ve- a  vibntory 
locity  with  the  perceived  intensity  of  the  heat.     In  fluids  and  gases  the  "*•**•■• 
particles  are  conceived  to  have  a  motion  round  their  own  axes.     Tem- 
perature^ therefore,  would  increase  with  the  velocity  of  the  vibrations  ; 
and  increase  of  capacity  would  be  produced  by  the  motion  being  per- 
formed in  greater  space.     The  loss  of  temperature,  during  the  change 
of  solids  into  liquids  and  gases,  would  depend  upon  loss  of  vibratory 
motion,  in  consequence  of  the  acquired  rotatory  motion. 

Upon  the  other  hypothesis,  temperature  is  referred  to  the  quantity  of 
caloric  present ;  and  the  loss  of  temperature,  which  happens  when  bo- 
dies change  their  state,  depends  upon  the  chemical  combination  of  the 
caloric  with  (he  solid  in  the  case  of  liquefaction,  and  with  the  liquid  in 
the  case  of  conversion  into  the  aeriform  state. 


Sectioiv  IV,  Electricity. 

95.  If  a  piece  of  sealing-wax  and  of  dry  warm  flannel  he  rubbed  a- 
gainst  each  other,  they  botii  become  capable  of  attracting  and  repelling 

light  bodies.    A  dry  and  warm  sheet  of  writing-paper,  rubbed  with  In-  Eiec!ri«Ai  ex- 
dia  rubber,  or  a  tube  of  glass  rubbed  upon  silk,  exhibit  the  same  phae- ^^^'^'^^ 
nomena.     In  these  cases  the  bodies  are  said  to  be  electrically  excited; 
and  when  in  a  dark  room^  they  always  appear  luminous. 

96.  If  two  pith-balls  be  electrified  by  touching  them  with  the  seal- 
ing-wax or  witfi  the  flannel,  they  repel  each  other ;  but  if  one  pith-ball  5g£^^j[^*^ 
be  electrified  by  the  wax,  and  the  other  by  the  flannel,  they  attract* 

each  other.  The  same  applies  to  the  glass  and  silk  :  it  shows  a  difiie- 
rence  in  the  electricities  of  the  different  bodies,  and  the  experiment  leads 
to  the  conclusion,  that  bodies  similarly  electrified  repel  each  other^  but 
that  when  dissimilarly  electrified  they  attract  each  other. 

The  term  electrical  repulsion  is  here  used  merely  to  denote  the  ap-  RcpdiioB. 
peanoace  of  the  phasnomenon  j  the  separation  being  probably  referable 
to  the  new  attractive  power  which  they  acquire,  when  electrified,  for 
the  air  and  other  surrounding  bodies. 

If  one  ball  be  electrified  by  sealing-wax  rubbed  by  flannel,  and  an- 
other by  silk  rubbed  with  ^biss,  those  balls  will  repel  each  other ; 
which  proves  that  the  electricity  of  the  silk  is  the  same  as  that  of  the 
seading-wax.     But  if  one  ball  be  electrified  by  the  sealing-wax  and  the 
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other  by  the  glass,  they  then  attract  each  other,  showing  that  they  ar^ 
oppositely  electrified. 

These  experiments  are  most  conveniently  performed  with  a  large 
downy  feather  suspended  by  a  silken  thread.  If  an  excited  glass  tube 
be  brought  near  it,  it  will  receive  and  retain  its  electricity ;  it  will  be 
first  attracted,  and  then  repelled,  and  upon  re-exciting  the  tube,  and 
again  approaching  it,  it  will  not  again  be  attracted,  but  retain  its  state 
of  repukion :  but  upon  approaching  it  with  excited  sealing-wax,  it 
will  instantly  be  attracted,  and  remain  in  contact  with  the  wax  till  it 
has  acquired  its  electricity,  when  it  will  be  repelled,  and  in  that  state 
of  repulsion  it  will  be  attracted  by  the  glass,  in  these  experiments 
care  must  be  taken  that  the  feather  remains  freely  suspended  in  the  air» 
and  touches  nothing  capable  of  carrying  off  its  electricity. 
Fra  kr  •  ^*  ^^^  terms  vitreous  and  retinous  electricity  were  applied  to  these 

tfa^c/."^  *  ^^  phenomena ;  but  Franklin,  observing  that  the  same  electricity 
was  not  inherent  in  the  same  body,  but  that  glass  sometimes  exhibited 
the  same  phsnomena  as  wax,  and  vice  versd^  adopted  another  term,  and, 
instead  of  regarding  the  phasnomena  as  dependent  upon  two  electric 
fluids,  referred  them  to  the  presence  of  one  fluid,  in  excess  io  some 
cases,  and  in  deficiency  in  others.  To  represent  these  states  he  used 
the  terms  plu$  and  minus,  positive  and  negative.  When  glass  is  rubbed 
with  silk,  a  portion  of  electricity  leaves  the  silk  and  enters  the  glass  ;  it 
becomes  positive^  therefore,  and  the  silk  negative ;  but  when  sealing- 
wax  is  rubbed  with  flannel,  the  wax  loses  and  the  flannel  gains ;  the  for* 
mer,  therefore,  is  negative,  and  the  latter  positive.  All  bodies  in  na- 
ture are  thus  regarded  as  containing  the  electric  fluid,  and  when  its 
equilibrium  is  disturbed,  they  exhibit  the  phenomena  just  described. 

98.  The  substances  enumerated  in  the  following  table  become  posi- 
tively electrified  when  rubbed  with  those  which  follow  them  in  the  list, 
but  with  those  which  precede  them  they  become  negatively  electrical. 
— BioT,  Train  de  Physique^  tom.  ii.,  p.  220. 

Cat's  skin 
Polished  glass 
Woollen  cloth 
Feathers 
Paper 
Silk 

Gum  lac 
Roug^  glass. 

99.  Very  delicate  pith-ballfi,  or  strips  of  gold  leaf,  are  usually  em- 
ployed  in  ascertaining  the  presence  of  electricity  ;  and, 
by  the  way  in  which  their  divergence  is  affected  by 
glass  or  sealing  wax,  the  kind  or  state  of  electricity  is 
judged  of.  When  properly  suspended  or  mounjted  for 
delicate  experiments,  they  form  an  eleetrometer  or  elec: 
troscope.  For  this  purpose  the  slips  of  gold  leaf  are 
suspended  by  a  brass  cap  and  wire  in  a  glass  cylinder ; 
they  hang  in  contact  when  unelectrified ;  but  when 
electrified  they  divei^,  as  in  the  marginal  wood- 
cut. 
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When  tlus  iDStroment,  as  Hsually  constructed,  becomes  in  a  small 
degree  damp»  its  delicacy  is  much  diminished,  and  it  is  rendered  near* 
\y  useless.  The  following  improvement  in  its  construction  by  the 
late  Mr.  Singer  renders  it  a  much  more  sensible  and  useful  instrument, 
[t  is  constructed  as  usual,  with  a  glass  cylinder,  surmounted  by  a  brass 
cap ;  but  the  insulation  is  made  to  depend  upon  a  glass  tube,  about 
four  inches  long,  and  one-fourth  of  an  inch  internal  diameter,  covered 
both  on  the  inside  and  outside  with  seahng-wax,  and  .  siager^tim- 

having  a  brass  wire  of  a  sixteenth  or  twelfth  of  an  inch  -  €^        pro*«««"'- 

thick  and  five  inches  long,  passing  through  its  axis, 
«;o  as  to  be  perfectly  free  from  contact  with  any  part 
of  the  tube,  in  the  middle  of  which  it  is  fixed  by  a 
plug  of  silk  which  keeps  it  concentric  with  the  in- 
ternal diameter  of  the  tube,  a,  is  a  brass  cap 
screwed  upon  the  upper  part  of  this  wire  ;  it  serves 
to  limit  the  atmosphere  from  free  contact  with  the 
outside  of  the  tube,-  and  also  defends  its  inside  from 
dost ;  to  the  lower  part  of  the  wire  the  gold  leaves 
are  atta€hed,  and  the  whole  mounted  as  usual,  and  as  represented 
above. 

100.  Tbe  kind  of  electricity  by  which  the  gold  leaves  are  diverged 

may  be  judged  of  by  approaching  the  cap  of  the  instrument  with  a'****^'*'^** 
stick  of  excited  sealing-wax ;  if  it  be  negative  the  divergence  will  in-kina^e^-* 
crease  ;  if  positive,  the  leaves  wili  collapse,  upon  the  principle  ofihe^*^^' 
mutual  annihilation  of  the  opposite  electricities,  or  that  bodies  simi- 
larly electrified  repel  each  other,  but  that  when  dissimilarly  electrified 
they  become  mutually  attractive.  (96.) 

101.  To  ascertain  the  actual  repulsive  and  at- 
tractive powers  appertaining  to  weakly-electrifi- 
ed bodies,  M.  Coulomb  has  ingeniously  availed 
himself  of  the  principle  of  torsion,  and  has  thus 
constructed  his  deetrical  balance.     It  consists  of 
a  fine  metallic  wire,  a,  one  end  of  which  is  at- 
tached to  the  screw  6,  and  to  the  other  is  suspend- 
ed the  horizontal  needle  e,  composed  of  gum-lac 
or  other  nonconductor,  and  armed  at  one  extre- 
mity with  a  gilt  pith-ball,  counterpoiised  at  the 
other  end  by  an  index.     The  conductor  d^  is  a 
small  wire  with  a  ball  at  each  end  passing  through 
the  glass  receiver  in  which  the  needle  is  sus- 
pended, and  having  its  lower  ball  opposed  to  that 
of  the  needle.     By  the  screw  b,  the  two  balls  are 
brought  into  contact,  and  the  index  then  points  to 
o,  on  the  divided  scale  of  degrees.     On  commu- 
nicating a  very  feeble  electrical  power  to  the  conductor,  it  transfers  it 
to  the  moveable  pith-ball,  and  repels  it  a  certain  number  of  degrees, 
proportional  to  the  intensity  of  the  acquired  electricity,  and  measured 

by  iihe  power  of  torsion  which  it  exerts  upon  the  fine  wire.  .  By  expe-  uiectnc*! 
riments  made  with  this  electrometer,  it  would  appear  that  the  electri-  powep  ^ni^ 
cal  powers  follow  the  law  of  gravitation,  in  l>eing  in  the  inverse  ratio  ofJ^JSeLVthei 
the  squares  of  the  distances  of  the  acting  bodies.  In  the  most  deli-J^^^5^J«;^y,;- 
cate  construction  of  the  instrument  a  single  silk-worm's  thread  is  used  power*  ofgr*- 
mstead  of  the  wire. 
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102.  Some  bodies  suffer  electricity  to  pass  through  their  substance, 
and  are  called  conductors.     Others  only  receive  it  upon  the  spot 

Co»^'2{»2o*  touched,  and  are  called  nonconductors.  The  former  do  not,  in  general 
become  electric  by  friction,  and  are  called  noneUctrics :  the  latter,  on 
the  contrary,  are  electrics^  or  acquire  electricity  by  friction.  They 
are  also  cailed  insulators.  The  metals  are  all  conductors ;  dry  air. 
glass,  sulphur,  and  resins,  are  nonconductors.  Water,  damp  wood, 
spirit  of  wine,  damp  air,  and  some  oils,  are  imperfect  conductors. 

103.  Rarefied  air  admits  of  the  passage  of  electricity  ;  so  does  the 
cHeetrieitf  Torricellian  vacuum :  hence  if  an  electrified  body  be  placed  under 
Ti^'fild'^r  the  receiver  of  the  air-pump,  it  loses  its  electricity  during  exhaustion. 
•  ▼acwmi.      So  that  the  air,  independent  of  its  nonconducting  power,  appears  to 

influence  the  retentive  properties  of  bodies  in  respect  to  electricity, 
by  its  pressure. 
N<»eoMUJit       ^^^*  There  appears  to  be  no  constant  relation  between  the  state  of 
relation  be-    bodies  and  their  conducting  powers  :  among  solids,  metals  are  conduc- 
•ute  oHMaieitors,  but  gums  and  resins  are  nonconductors ;  among  liquids,  strong  al- 
Md  their  coo- valine,  acid,  and  saline  solutions,  are  good  conductors ;  pure  water  is 
^uctioff  pow-  ^^  imperfect  conductor,  and  oils  are  nonconductors ;  solid  wat  is  al- 
most a  nonconductor,  but  when  melted,  a  good  one.     Conducting  pow- 
ers belong  to  bodies  in  the  most  opposite  states ;  thus  the  flame  of 
alcohol,  and  ice,  are  equally  good  conductors.     (Biot,  Traits  de  Pky- 
sique^  torn,  ii.,  p.  213.)     Glass  is  a  nonconductor  when  cold,  but  con- 
ducts when  red-hot ;  the  diamond  is  a  nonconductor,  but  pure  and  well- 
burned  charcoal  is  among  the  best  conductors. 
Some  siAh  ^^^'  Thcrc  are  many  mineral  substances  which  show  signs  of  elec- 

fuuceeke-  tricity  wheu  heated,  as  the  tourmalin,  topaz,  diamond,  boracite,  &c. ; 
bj'beui^bMtand  in  these  bodies  the  different  surifaces  exhibit  different  electrical 
«<*•  states. 

106.  Whenever  one  part  of  a  body,  or  system  of  bodies,  is  positive. 
Opi^iteeieo  another  part  is  invariably  negative  ;  and  these  opposite  electrical  states 
i^te^i^letof  are  always  such  as  exactly  to  neutralize  each  other.  Thus,  in  the 
•body.         common  electrical  machine,  one  conductor  receives  the  electricity  of 

of  the  glass  cylinder,  and  the  other  that  of  the  silk  rubber,  and  the 
former  conductor  is  positive  and  the  latter  negative  ;  but  if  they  be 
connected,  all  electrical  phaenomena  cease. 

107.  The  best  electrical  machine  for  experimental  purposes  is  re- 
presented in  the  annexed  sketch. 
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It  consists  of  a  glass  cylinder  a  about  1 0  or  1 2  inches  in  diameter,  and  p^^.  ^.^^ 
15  to  20  inches  in  length,  turning  between  two  upright  pillars  of  glass,  ***"^  '*"' 
•  B,  fixed  to  a  stout  mahogany  base.  Two  smooth  metal  conductors, 
equal  in  length  to  the  cylinder,  and  about  one-third  of  its  diameter,  c 
c,  are  placed  parallel  to  it  upon  two  glass  pillars,  d  d,  which  are  ce- 
mented into  two  sUding  pieces  of  wood  e,  by  which  their  distance  from 
the  cylinder  may  be  adjusted.  One  of  the  conductors  has  a  cushion, 
r,  attached  to  it  by  a  bent  metallic  spring,  nearly  as  long  as  the  cylinder, 
and  about  one  inch  or  an  inch  and  a  half  wide,  to  the  upper  part  of 
which  is  sewed  a  flap  of  oil-silk,  o,  which  should  reach  from  the  cush- 
ion over  the  upper  surface  of  the  glass  cylinder,  to  within  about  an 
inch  of  a  row  of  points  attached  to  the  side  of  the  opposite  conductor. 
The  conductor  to  which  the  cushion  is  attached  is  called  the  negative 
conductor  ;  the  other  collects  the  electricity  of  the  glass,  and  is  called 
the  positive  conductor,  b,  is  an  adjusting  screw  to  regulate  the  pres- 
sure of  the  cushion  upon  the  cylinder.  The  motion  of  the  cylinder  is 
in  the  direction  of  the  silk  flap,  and  may  be  communicated  by  a  handle 
attached  at  i,  or  by  the  multiplying  wheel  k.  To  put  this  electrical 
machine  into  good  action,  every  part  should  be  made  perfectly  clean?J«*jjod»f  cs 
and  dry.  The  cushion  is  then  anointed  with  amalgam,  and  applied  by  ^°^  * ' 
a  gentle  pressure  to  the  cylinder.  If  positive  electricity  is  required, 
it  may  be  received  from  the  conductor  bearing  the  points,  that  suppor- 
ting the  cushion  being  uninsulated  by  a  wire  passing  from  it  to  the 
■tand  ; — if,  on  the  contrary,  negative  electricity  is  required,  it  may  be 
obtained  from  the  insulated  cushion  cylinder,  the  other  being  uninsu- 
lated. 
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.  ,  .  f ,  1 08.  The  best  amalsam  is  composed  of  one  part  of  tin  and  two  of  zinc 
•KciUuK  dec-  melted  together,  and  mixed,  while  fluid,  with  six  parts  ot  not  mercury  m 
^''^*^*  an  iron  mortar.     This  mixture  is  triturated  till  it  becomes  a  fine  pow- 

der, which  is  then  formed  into  a  tenacious  paste  with  hogs'  lard. 

109.  Another  form  of  the  electrical  machine  consists  of  a  circular 
glass  plate  A,  mounted  upon  an  axis  and  rubbed  by  two  pairs  of  cush- 
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ions,  as  shewn  at  b  b.  The  brass  conductor  c  has  its  points  opposed 
to  the  plate,  and  is  insulated  by  the  glass  stem  d. — e  e  are  double 
pieces  of  oil-silk  passing  from  the  cushions  to  near  the  points.  The 
whole  is  supported  by  a  stout  mahogany  frame,  and  motion  is  given  to 
the  plate  by  the  winch  f. 
AavMitaMtife  These  electrical  machines  have  considerable  power  ;  they  are  easi- 
vice  Tcna.  ly  cleaned  and  excited,  and  are  more  portable  than  the  cylinders  ;  but 
as  they  cannot  be  coqveniently  insulated,  the  negative  electrical  pow- 
er cannot  be  well  exhibited,  so  that  for  the  purposes  of  experimental 
research  the  former  machines  are  preferable. 

1 10.  When  the  electrical  machine  is  in  good  order,  and  the  atmos- 
phere dry,  it  produces  a  crackling  noise  when  the  plate  or  cylinder  is 
turned,  and  flashes  and  sparks  of  light  are  seen  upon  various  parts  of  the 
glass  passing  from  the  cushion  to  the  conductor :  if  the  knuckle  be 
held  near  the  conductor,  sparks  pass  to  it  through  some  inches  of  air, 
with  a  peculiar  noise,  and  excite  slightly  painful  sensation  in  the  part 
upon  which  they  are  received.     It  is  conjectured  that  the  cause  of  the 
light  thus  perceived,  is  the  sudden  compression  of  the  air  or  medium 
through  which  the  electricity  passes,  and  it  is  always  probably  attend- 
ed by  a  proportionate  elevation  of  temperature,  as  is  shown  by  the  pow- 
er of  the  spark  to  inflame  spirit  of  wine,  fulminating  silver,  and  other 
easily  inflammable  compounds. 
cha4«.  in^tbe      1 1 1*     The  appearance  of  the  electric  light  is  modified  by  the  densi- 
nedi^^uMn  ^  ^^  ^^  mcdium  through  which  it  passes.     In  dense  air  it  is  bright 
«i«ctric  light,  and  white  ;  in  rarefied  air  it  is  of  a  teddish  tinge  and  faint  and  divided^- 
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and  in  the  more  perfect  vacuum  of  a  good  air-pump,  it  is  of  a  purplisli 
hue,  and  scarcelj  visible  except  in  a  very  dark  room. 

112.  If  an  insulated  conductor  be  electrified,  and  an  uninsulated  con- 
doctor  be  opposed  to  it,  there  being  between  the  two  a  thin  stratum  of 
air,  glass,  or  other  nonconductor,  the  uninsulated  conductor,  under 
such  circumstances,  acquires  an  opposite  electrical  state  to  that  of  the 
originally  electrified  insulated  conductor.  In  this  case,  the  uninsulat- ciectridty  by 
cd  body  is  said  to  be  electrified  by  tnducti(m  and  the  induced  electri-^<>"«^n. 
city  remains  evident,  until  an  explosion,  spark,  or  discharge  happens, 
when  the  opposite  electricities  annihilate  each  other.  Induced  elec- 
thcity  may  thus  be  exhibited  through  along  series  of  insulated  conduc- 
tors, provided  the  last  of  the  series  be  communicated  with  the  earth. 

Thus,  in  the  following  diagram,  a,  may  represent  the  positive  con- 
ductor of  the  electrical  madune ;  b,  c,  and  d,  three  insulated  conduc- 
tors, placed  at  a  little  distance  firom  each  other,  o  having  a  cl^ain  touch- 
ing the  ground ;  then  the  balls  1,  being  positive,  will  attract  the  balls '^'"*"^■• 
2,  which  are  rendered  negative  by  induction.  Under  these  circum- 
stances, each  of  the  conductors  becomes  polar,  and  the  balls  3  are 
positive,  while  4  are  negative,  5  positive,  6  negative,  4rc. :  the  central 
points  of  the  conductors,  b  c  d,  are  neutraL  When  these  opposite 
electrical  states  have  arrived  at  a  certain  intensity,  sparks  pass  between 
the  different  conductors,  and  the  electrical  phenomena  cease. 


1 13.  The  extent  of  such  a  polar  arrangement  may 
be  greatly  increased  by  pasting  small  spangles  of  tin- 
foil, upon  a  clean  plate  of  glass,  within  a  small  dis- 
tance of  each  other,  each  of  which  will  then  repre- 
sent an  insulated  conductor ;  and  the  first  spangle  be- 
ng  held  near  the  excited  conductor  of  the  machine, 
and  the  last  in  the  hand,  a  series  of  brilliant  sparks 
will  pass  between  each,  indicating  the  annihilation  of 
the  opposite  electrical  states.  The  spiral  luminous 
•«6e.  A,  luminous  words,  flowers,  &c.,  are  arrange- 
ments of  this  kind. 


lU.  Upon  the  principle  of  induction  it  is  that  the  accumulation  of 
electricity  in  the  Ley  den  phial  is  effected.  It  consists 
of  a  tlun  glass  jar,  coated  internally  and  externally 
with  tinfqil  to  within  a  short  distance  of  its  mouth. 
When  the  inner  surface  is  rendered  positive  by  union 
with  the  conductor  pf  the  electrical  machine,  the  ex- 
terior, being  connected  with  the  ground,  becomes  nega- 
tive by  induction.  When  the  inner  and  outer  surfaces 
are  united  by  a  conductor,  all  electrical  accumulation  is 
annihilated  by  a  powerful  spark,  and  the  two  opposite 
states  are  found  to  have  been  precisely  equivalent. 
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If  the  communication  between  the  opposite  surfaces  of  the  Leyden 
phial  be  made  by  the  hands,  a  painful  jarring  sensation  is  felt  at  the  joints 
of  the  fingers,  the  elbows  shoulders,  and  chest,  commonly  called  the 
electrical  shock.  Metallic  wires,  with  balls  at  their  ends,  bent  or  joint- 
ed and  fixed  to  a  glass  handle,  are  generally  used  to  transfer  the  elec- 
tric chaise,  and  these  instruments  are  called  dischargers. 

1 15.  In  all  cases  of  electrical  accumulation,  the  sur^ces  intended  to 
retain  it  must  be  free  from  asperities,  and  points  :  a  pointed  wire  held 
near  the  prime  conductor  instantly  gains  an  opposite  state,  and  rapidl  j 

Eiectrisai  discharges  it ;  if  it  be  affixed  to  the  conductor,  a  similar  effect  is  ob- 
wiodor  cold,  genred  ;  and  upon  holding  the  hand  near  the  point,  a  peculiar  coldness 
is  perceived,  which  has  been  called  the  electrical  aura^  and  which  de- 
pends upon  the  rapid  recession  of  the  electrified  air.  If  the  Leyden 
jar  be  discharged  by  a  pointed  wire,  the  electricities  quietly  anniUlate 
each  other,  and  no  explosion  can  be  produced. 

116.  To  ascertain  the  relative  charge  which 
the  jar  has  received,  we  employ  the  quadrant  elec- 
trometery  contrived  by  Henly.  It  consists  of  a 
rounded  stem  of  metal,  a  to  the  side  of  which  is 

SLmlteT*'*^  attached  an  ivory  semi-circle,  b  ;  to  the  centre  is 
affixed  a  pin,  upon  which  a  very  thin  piece  of  cane 
or  ivory,  about  4  inches  long,  with  a  pith  ball  at 
its  lower  extremity,  turns  freely,  traversing  the 
semicircle  as  an  index.  The  lower  half  of  the  se- 
mi-circle is  divided  into  90^.  When  not  electri- 
fied, its  index  hangs  parallel  to  the  stem  at  0^,  but 

when  electrified,  the  ball  recedes  and  carries  the  

index  over  the  graduated  circle  to  a  greater  or  less  extent,  in  propor^- 
tion  to  the  intensity  of  the  electricity. 
ExperimMito  ^^^'  '^^^  annihilation  of  positive  by  negative  electricity,  and  thcc 
thtmihtmaiU'Versdy  may  be  well  shown  by  the  following  experiment.  Attach  Hen- 
^ritedJitJr^y'"  quadrant  electrometer  to  the  knob  of  a  Leyden  jar,  and  give  it  a 
ciUM.  certain  charge  from  the  positive  conductor :  then  transfer  the  jar  to 

the  negative  conductor,  and  whilst  receiving  a  negative  charge,  the 
electrometer  will  fall,  indicating  the  loss  of  all  electrical  accumulation ; 
it  then  will  again  rise  as  the  jar  becomes  negatively  charged,  and  may 
again  be  discharged  by  transferring  it  to  the  positive  conductor. 
118.  If  one  Leyden  jar  be  insulated  with  its  internal  surface  con* 
[^"S^J^f^nected  with  the  positive  conductor,  another  jar  may  be  charged  from 
its  exterior  coating ;  and  if  this  second  jar  be  insulated,  a  third  maybe 
charged  from  its  exterior  coating,  and  so  on  for  any  number  of  jai«, 
provided  always  that  the  exterior  coating  of  the  last  jar  be  connected 
with  the  ground.  In  this  case,  a  polar  arrangement,  similar  to  that  of 
the  conductors  just  described,  (112)  will  have  been  formed,  glass  be- 
ing the  medium  of  induction  instead  of  air. 
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Let  c  p  be  the  posifive  condactor  of  the  electrical  machine,  abda  6 
c  three  insulated  Leyden  phials,  theDUter  coating  of  c  being  connected 
with  the  ground ;  it  is  then  obvious,  that  there  will  be  the  same  polar 
state  as  in  the  conductors  just  noticed  ;  that  the  insides  <^  a,  b,  and  c, 
will  be  positive,  and  the  outsides  negative  ;  and  that,' consequently,  on 
removing  the  jars  from  each  other,  they  will  all  be  similarly  charged, 
and  that  if  the  three  inner  surfaces  pp  p  and  the  outer  surfaces  nnn 
be  united,  the  whole  may  be  discharged  as  one  jar. 

1 19.  Upon  this  principle  a  jar  may  be  charged  by  the  transfer  of  its 
inherent  electricity  from  one  surface  to  the  other,  by  insulating  it  and 
connecting  its  interior  coating  with  the  positive  conductor,  and  its  exte- 
rior with  the  negative  ; — ^thus  the  electricity  received  by  the  former  is 
withdrawn  from  the  latter,  and  the  jar  becomes  charged.  This  expe- 
riment well  illustrates  the  non  conducting  power  of  glass. 

120.  The  use  of  the  metallic  coatings  of  the  Leyden  phial  is  equal- um  of  them.- 
ly  to  distribute  the  electricities  over  the  opposite  surfeces,  for  if  t^^c^l^^y^S 
coatings  be  made  moveable  the  jar  remains  charged  when  they  are  re-jw. 
moved.     In  discharging  the  jar,  too,  the  annihilation  is- rendered  si- 
multaneous by  the  conducting  coating  suffering  the  transfer  of  the  op- 
posite electricities  from  every  part  of  the  glass  surfaces  at  the  same 
instant. 

121.  There  are  some  other  electrical  instruments  fthe  operation  of 
which  is  referable  to  the  phasnomena  of  induction^  sucn  as  the  electro- 
phoras,  and  the  condenser. 

The  eUctrophorui  consists  of  two  metallic  plates,  a  a,  with  an  in- 
tervening plate  of  resinous  matter,  ^,  for  which  equal  parts  of  shell- 
lac,  resin,  and  Venice  turpentine,  are  generally  used,  the  mixture  be- 
ing carefully  melted  in  a  pipkin,  and  poured,  whilst  liquid,  into  a  wood- 
en or  metal  hoop,  of  a  proper  size,  placed  upon  a  polished  surface  of 
glass  or  marble,  from  which  it  easily  separates  when  cold  ;  it  should 
be  about  half  an  inch  thick,  and  the  smooth  surface  being  uppermost 
the  lower  side  should  be  covered  with 
tin  foil,  or  attached  to  any  other  metal- 
he  plate  ;  a  polished  brass  plate,  with 

a  glass  handle  c  attached  to  it,  is  then  \  I  t       Hettro  hdhis 

placed  upon  the  upper  surface  of  the  '    ^^    ^  tzr---^    \         *•   ' 

resinous  plate,  and  of  rather  smaller 
diameter.  The  resin  is  then  to  be  ex- 
cited with  a  piece  of  dry  fur,  and  the 
instrument  will  be  found  to  exhibit  the 
following  phaenomena  : 

Upon  raising  the  brass  plate  by  its  insulating  handle,  it  will  be  found 
very  feebly  electrical ;  replace  it»  touch  it  with  the  finger  and  again 
hfl  it  off  by  its  handle,  and  it  will  give  a  spark  of  positive  electricity. 
This  process  may  very  often  be  repeated  without  fresh  excitation,  Mod* of  iMtar 
which  circumstance,  as  well  as  the  nature  of  the  electrical  charge,**-  % 
•hows  that  the  electricity  of  the  moveable  brass  plate  is  not  directly 
derived  from  the  resin,  but  that. it  depends  upon  induction:  this  is 
more  obvious  by  considering  the  upper  plate,  not  as  in  contact  Mith 
but  merely  very  near  the  resinous  disc,  which  from  the  minute  irre- 
gularities upon  its  surface,  is  reallj  the  case ;  the  nei5ative  electricity, 
therefore,  of  the  excited  resinous  plate  is  comaiiuacated  frdm  a  few 
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points  of  contact  to  the  brass  plate,  upon  its  first  application,  and  then 
the  latter  is  precisely  in  the  state  of  a  conductor  opposed  to,  but  not 
touching,  an  electrified  surface,  and  consequently  in  due  condition  to 
be  rendered  electrical  by  induction,  when  occasionally  uninsulated  by 
the  contact  of  the  finger. 

With  this  instrument,  one  phaenomenon  of  induction  may  be  shown, 
which  cannot  be  so  well  exhibited  by  any  other ;  namely,  the  increas- 
iMtniwnt*"  ^^  capacity  for  electricity  of  the  conductor  under  the  influence  of  in- 
duction.    The  brass  plate,  when  placed  upon  the  resin,  may  be  re- 
garded as  in  a  polar  state ;  the  lower  surface  next  the  resin  being  .po- 
sitive, the  upper  surface  being  negative.     Upon  touching  the  upper 
surface  with  the  finger,  it  instantly  acquires  electricity,  loses  its  po- 
larity, and  becomes  positive,  giving,  upon  removal,  a  positive  spark  to 
any  conductor.     That  the  quantity  of  electricity  received  from  the  fin* 
ger,  or  other  source,  is  equivalent  to  that  given  out,  is  shown  by  the 
following  experiment :  Place  the  metallic  upon  the  resinous  plate,  and 
touch  the  former  with  the  knob  of  a  Leyden  phial ;  then  touch  the  cap 
of  an  electrometer  with  the  knob  of  the  phial,  and  it  will  give  a  certain  ne- 
gative divei^ence  to  the  leaves  ;  raise  the  plate  and  present  the  knob  of 
the  jar  to  it,  a  spark  will  pass ;  and  upon  applying  the  jar  a  second  time 
to  the  electrometer,  the  leaves  will  entirely  collapse,  showing  the  ex- 
act annihilation  of  the  former  negative,  by  the  latter  positive  charge. 
When  the  electrophorus  is  placed  upon  an  insulating  stand,  its  low- 
er plate  is  always  found  in  an  opposite  electrical  state  to  the  upper  one, 
so  that  in  this  respect  it  resembles  the  coatings  of  a  Leyden  jar. 
The  electro-       The  electrophorus  may  often  be  used  for  the  same  purposes  as  the 
MeiSScil-electricalmachine,  and  in  the  laboratory  it  furnishes  a  very  conve- 
chine.  nieut  Substitute  for  that  more  expensive  piece  of  apparatus. 

122.  When  an  insulated  surface  is  opposed  to  another  which  is  not 
singttier  Phe- insulated,  so  as  to  be  a£fectedby  it  by  induction,  the  electricity  commu- 
Be^r^^°^  nicated  to  the  former  sufiers  a  singular  increase  of  tension  or  intensity 
iDdaction.  qq  breaking  the  induction  by  removing  the  opposed  uninsulated  con- 
ductor ;  this  property  is  strikingly  exhibited  in  the  following  experi- 
ment : — Provide  a  brass  plate,  3  or  4,  inches  in  diameter,  and. drop  up- 
on its  lower  surface  three  small  spots  of  sealing-wax  ;  place  it  upon  a 
similar  plate,  forming  the  cap  of  the  gold  leaf  electrometer,  from  which 
it  will  be  separated  about  a  twentietii  of  an  inch  by  the  three  small 
insulating  legs  of  wax.  Connect  the  upper  plate  with  the  ground  by 
touching  it,  and  give  a  very  feeble  electrical  charge  to  the  electrometer, 
80  as  scarcely  perceptibly  to  diverge  its  leaves ;  then  suddenly  remove 
the  upper  plate,  by  which  the  induction  will  be  broken,  and  the  ten- 
sion of  the  electricity  suddenly  increased,  so  as  to  cause  a  very  consi- 
derable  divergence  of  the  leaves. 
The  plates  employed  in  this  experi- 
Cod^flBstft.  ment  have  been  called  condenser9. 
They  are  sometimes  placed  perpendi- 
cularly, and  the  uninsulated  plate  a  is 
supported  by  a  wire  and  joint,  so  as  to 
be  brought  as  close  as  possible  to  the 
insulated  plate  6,  without  touching; 
the  latter  is  in  communication  with  the 
electrometer,  and  having  received  its 
charge,  the  moveable  uninsulated  plate 
is  drawu  back,  as  in  c,  and  the  intensity  of  the  electricity  displayed. 
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Sometimefl  the  condenser  is  directly  attach- 
ed to  the  electrometer,  as  shown  in  the  an- 
nexed cut. — ay  the  insulated  plate  ;  6,  the  mo- 
reable  plate  in  communication  with  the 
ground. 

Various  attempts  have  been  made  so  to 
combine  electrical  condensers,  as  to  multiply 
their  effect^  and  render  very  slight  electrical 
changes  susceptibly  of  measurement  and  ex- 
amioatioQ ;  of  this  nature  is  the  Electrical  Mul- 
tiplier^ contrived  by  Mr.  Cavallo,  {^Complete 
TVeatise  on  Electricity^  Vol.  iii.  p.  99  ;)  the 
Doublers  of  Mr.  Bennet  and  Mr.  Nicholson, 
{PkU.  Trans.  Ixxvii.  and  Ixxviii.)  and  Mr.  Wilson^s  Double  Multiplier^ 
(Nichoi^sok's  Journal^  ix ;)  but  the  complexity  of  these  instruments, 
as  Mr.  Singer  has  remarked,  renders  their  results  equivocal,  and  often 
has  a  tendency  to  produce  the  electrical  states,  independent  of  the  in- 
tended aottrce,  or  to  change  that  originally  conmmnicated. 

123.  Electricians  generally  employ  the  term  quantity  Xo  indicate  *fc«  (^oMtitr&in. 
absolute  quantity  of  electric  power  in  any  body,  and  the  term  intenn-umitfoteuT- 
ty  to  aigdify  its  power  of  passing  through  a  certain  stratum  of  air  or^®^^"* 
other  ill'Conducting  medium. 

If  we  suppose  a  charged  Lejden  phial  to  furnish  a  spark,  when  dis-  .  . 

charged,  of  one  inch  in  length,  we  should  Bud  that  another  uncharged  '"^'^'^'^ 
Leyden  phial,  the  inner  and  outer  coating  of  which  were  conmmnicat- 
ed with  those  of  the  former,  would  upon  the  same  quantity  of  electri- 
city being  thrown  in,  reduce  the  length  of  the  spark  to  half  an  inch  ; 
here,  the  quantity  of  electricity  remaining  the  same,  its  intensity  is  di- 
minished by  one-half,  by  its  distribution  over  the  larger  surface. 

124.  It  ia  obvious,  that  the  extension  of  surface  alluded  to  in  the  last 
paragraph,  will  be  attended  with  a  greater  superficial  exposure  to  the 
unelectrified  air ;  and  hence  it  might  be  expected,  that  a  similar  dimi- 
nution of  intensity  would  result  from  the  vicinity  of  the  electrified 
surface  to  the  ground,  or  to  any  other  body  of  sufficient  magnitude  in 
its  ordinary  state.  That  this  is  the  case,  may  be  shown  by  divei*ging 
the  leares  of  the  gold-leaf  electrometer,  and  in  that  state  approaching 
the  instrument  with  an  uninsulated  plate,  which,  when  within  half  an 
inch  of  the  electrometer  plate,  will  cause  the  leaves  to  collapse  ;  but 
OD  removing  the  uninsulated  plate,  they  will  again  diverge,  in  conse- 
quence of  &e  electricity  regaining  its  former  intensity.  The  same 
fact  is  shown  by  the  condensing  electrometer. 

126-  The  power  of  the  Leyden  jar  is  proportioned  to  its  surface,  but  p^^,,  ^^^  i,,^ 
a  very  lai^ejar  is  inconvenient  and  difficult  to  procure;  the  sameLeyienj^ria 
end  is  attained  by  arranging  several  jars,  so  that  by  a  conmiunicatibn  fS'lSiMe.^ 
existing  between  ell  their  interior  coatings,  their  exterior  being  also 
united,  they  may  be  charged  and  discharged  as  one  jar.     Such  a  com- 
bination is  called  an  electrical  Battery ^  and  is  useful  for  exhibiting  the  Eieetncal 
effect  of  accumulated  electricity.  ■***'^' 

The  discharge  of  the  battery  is  attended  by  a  considerable  report,  it*  auchw 
and  if  it  be  passed  through  small  animals  it  instantly  kills  them ;  if  «^rt  c  J' 
through  fine  metallic  wires,  they  are  ignited,  melted,  and  burned  ;  and  JJ^'iifo.** 
gaapowder,  cotton  sprinkled  with  powdered  resin,  and  a  variety  of    j^^^^^^, 
other  combustibles,  may  be  inflamed  by  the  same  means,  bMtioa,  kc 
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Other  towMt  ^^^'  There  are  m&ny  other  sources  of  electricity  than  those  jost 
of  •lectricitj.  noticed.  When  glass  is  rubbed  by  mercury,  it  becomes  electrified, 
and  this  is  the  cause  of  the  luminous  appearance  observed  when  a  baro- 
meter is  agitated  in  a  dark  room,  in  which  case  flashes  of  light  are  seen 
to  traverse  the  empty  part  of  the  tube.  Even  the  friction  of  air  upon 
glass  is  attended  by  electrical  excitation  :  for  Mr.  Wilsou  found  that 
by  blowing  upon  a  dry  plate  of  glass  with  a  pair  of  bellows,  it  acquir- 
ed positive  electricity.  Whenever  bodies  change  their  forms,  their 
electrical  states  are  also  altered.  Thus  the  conversion  of  water  into 
vapour,  and  the  congelation  of  melted  resins  and  sulphur,  are  pro- 
cesses in  which  electricity  is  also  rendered  sensible. 

127.  When  an  insulated  plate  of  zinc  is  brought  into  contact  with 

one  of  copper  or  silver,  it  is  found,  after  removal,  to  be  positively 

electrical,  and  the  silver  or  copper  is  left  in  the  opposite  state. 

Of  tw»  metmis     The  most  oxidizable  metal  is  always  positive,  in  relation  to  the  least 

mo^d  tbt""   oxidizable  metal,  which  is  negative,  and  the  more  opposite  the  metals 

bS*liJ?'il*I''  ***  these  respects,  the  greater  the  electrical  excitation ;  and  if  the 

way*  pQiitive.  metals  be  placed  in  the  following  order,  each  will  become  positive  by 

the  contact  of  that  which  precedes  it,  and  negative  by  the  contact 

of  that  which  follows  it ;  and  the  greatest  effect  will  result  from  the 

contact  of  the  most  distant  metals. 

Platinum. 
« .  M  Gold. 

ran^Ment  f»r  ollver. 

JiSlf"^  Mercury. 

Copper. 
Iron. 
Tin. 
Lead. 
Zinc. 

Eiectridtr        ^^^^  nerve  of  a  recently  killed  frog  be  attached  to  a  silver  probe, 

cou^octedby  aind  a  piece  of  zinc  be  brought  into  the  contact  of  the  muscular  parts  of 

nerrti.         fj^^  animal,  violent  convulsions  are  produced  every  time  the  metals 

thus  connected  are  made  to  touch  each  other  ;  exactly  the  same  effect 

is  produced  by  an  electric  spark,  or  the  discharge  of  a  very  small  Ley 

den  phial. 

If  a  piece  of  zinc  be  placed  upon  the  tongue,  and  a  piece  of  silver 
under  it,  a  peculiar  sensation  mil  be  perceived  every  time  the  two 
metals  are  made  to  touch. 
ciMBue«iM-      128.  In  these  cases  the  chemical  properties  of  the  metals  are  ob- 
mSi'tiSTt  oV  served  to  be  affected.  If  a  silver  and  a  zinc  wire  be  put  into  a  wineglass 
•kctricity.     full  of  dilute  sulphuric  acid,  the  zinc  wire  only  will  evolve  gas  ;  but  up- 
on bringing  the  two  wires  in  contact  with  each  other,  the  silver  will 
also  copiously  produce  air  bubbles. 

1 29.  If  a  number  of  alternations  be  made  of  copper  or  silver  leaf,  zinc 
Sfoetik  eo.  leaf,  and  thin  paper,  the  electricity  excited  by  the  conitact  of  the  metals 
lama  ^iu  ^^  rendered  evident  to  the  common  electrometer. — a  represents  a 

glass  tube,  in  which  are  regularly  arranged  a  number  of  alternating 
plates  of  sUver,  zinc,  and  thin  paper,  forming  de  Luc's  electrical  column. 
The  metallic  cap  a  is  in  contact  with  the  silver  plate,  and  c  with  the 
zinc  plate,at  the  respective  extremities  of  the  pile.    Upon  examining 
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the  electrometers,  it  will  be  found  that  b  is  negatirely  direrged,  »id  c 
positirelj. 

B  A  C 


ISO.  If  the  same  arrangement  be  made  with  die 
paper  moistened  with  brine,  or  a  Weak  acid^  it  will  be 
foand  en  bringing  a  wire  communicating  with  the  last 
copper  plate  into  contact  with  the  first  zinc  plate,  that 
a  spark  is  perceptible,  and  also  a  slight  shock,  provi- 
ded the  number  of  alternations  be  sufficiently  nume* 
reus.     This  is  the  Voltaic  apparatus. 

131.  Several  modes  of  constructing  this  apparatus 
have  been  adopted,  with  a  view  to  render  it  more 
convenient  or  active.  Sometimes  double  plates  of 
copper  and  zinc  soldered  together,  are  cemented  in- 
to wooden  troughs  in  regular  order,  tbe  intervem'ng 
cells  being  filled  with  water,  or  saline  or  acid  solu- 
tions. 


1>eLae*t«»> 


132.  Another  form  consists  in  arranging  a  row  of  glasses,  containing 
dilute  sulphuric  acid,  in  each  of  which  is  placed  a  wire  or  plate  of  silver  SSTIIir  fSier 
or  copper,  and  one  of  zinc,  not  touching  each  other,  but  so  connected  |!*^*7of 
by  meUdlic  wires,  that  the  zinc  of  the  iirst  cup  may  communicate  with  *'*' 
the  copper  of  the  second ;  the  zinc  of  the  second  with  the  copper  of 
the  third,  and  so  on  throughout  the  series,  as  represented  in  the  an- 
•exed  cuts. 


Fig.  1. 
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By  applying  the  moistened  fingers  to  the  extreme  wires  p  and  w,  a 
shock  will  be  felt ;  and  on  making  a  communication  between  them  by  a 
wire,  it  will  be  found  that  the  copper  plates  in  Fig.  1,  and  the  silver 
wires  in  Fig.  2,  instantly  acquire  the  power  of  decomposing  the  dilute 
sulphuric  acid,  and  that  the  chemical  action  of  the  zinc  is  much  augment- 
ed. One  advantage  of  this  arrangement  over  the  former  (131)  is,  that 
both  surfaces  of  the  metal  are  exposed ;  whereas  in  the  other,  by  sol- 
dering the  plates  together,  its  action  is  diminished. 

133.  In  the  following  sketch,  the  trough  a  is  made  of  earthenware, 
Tbe  mortap.  ^j^jj  partitions  of  the  same  material,  and  the  metallic  plates  are  attach- 
JSiuo^    ed  to  a  bar  of  wood,  arranged  as  in  Fig.  1 ,  so  that  they  can  be  immersed 


and  removed  at  one  operation.  The  troughs  are  filled  with  dilute  a- 
cid,  and  by  uniting  them  in  regular  order,  the  apparatus  may  be  en- 
larged to  any  extent.  This  is,  on  the  whole,  the  best  form  of  the 
Voltaic  instrument  hitherto  devised,  and  it  is  thus  that  the  great  appa- 
ratus of  the  Royal  Institution  is  constructed. 

134.  When  from  600  to  1000  double  plates  are  thus  arranged  and  ren- 
dered active  by  immersion  into  a  liquid  consisting  of  about  sixty  parts 
of  water  with  one  of  nitric  and  one  of  sulphuric  acid,  very  brilliant 
effects  are  produced  when  the  opposite  poles  are  properly  united  by 
conductors.  Thus,  if  apiece  of  charcoal  united  with  the  negative  wire 
be  made  to  touch  another  piece  united  with  the  positive  wire,  a  bright 
spark  and  intense  ignition  ensue,  and  by  slowly  withdrawing  the  points 
from  each  other  a  constant  current  of  electricity  takes  place  through 
the  heated  air,  producing  a  magnificent  arc  of  intense  light,  iA  the  form 
here  represented. 
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135.  When  the  metals  ^nd  other  inflammable  bodies  are  placed  in 

this  arc  of  fire  they  bum  with  great  brilliancy,  and  those  which  are  ^^^. 
most  difficult  of  fusion  gire  evidence  of  the  intensity  of  the  heat  by  ana  fmioB  V 
instantly  melting ;  and  some  earthy  and  other  bodies  infusible  by  or-  ■•'^* 
dinaiy  methods  are  liquefied  by  the  same  means.     The  shock  is  pain- 
fol  and  daogerons.     When  the  communication  between  the  points  of 
charcoal  is  made  in  rarefied  air,  the  annihilation  of  the  opposite  elec- 
tricities takes  place  at  some  inches'  distance,  {Hroducing  a  stream  of 
deep  purple  light. 

136.  When  the  poles  of  the  Voltaic  apparatus  are  connected  by  a  m.^, 
steel  wire,  it  acquires  magnetic  properties;  and  if  by  a  ^tinum  or^^ 
other  metallic  wire,  that  wire  exhibits  numerous  magnetic  poles,  which 
attract  and  repel  the  common  magnetic  needle.    This  very  curious 
£ict  was  Erst  obsenred  by  Professor  Oersted,  of  Copenhagen. 

137.  On  immersing  the  wires  from  the  extremes  of  tins  apparatus 
into  water,  it  is  found  that  the  fluid  suffers  decomposition,  and  that^|J|^ 
oxygen  gas  is  liberated  at  the  positive  wire  or  pole^  and  hydrogen  gas 
at  the  negative  pole. 

All  other  substances  are  decomposed  with  similar  phenomena,  the  conbwtibte 
inflammable  element  beiog  disengaged  at  the  negatively  electrical  sor-  ^g*||f^"*'*  ^ 
(ace;  hence  it  would  appear,  upon  the  principle  of  similarly  electri-r^S^pou!*' 
fied  bodies  repelling  each  other,  and  dissimilarly  electrified  bodies  at* 
tractiog  each  other,  (96)  that  the  inherent  or  natural  electrical  state  Expiamtie*. 
of  the  inflammable  substances  is  pontive^  for  they  are  attracted  by  the 
negative  or  oppositely  electrified  pole ;  while  Uie  bodies,  called  sup-sopMrtenof 
porters  of  combustion,  or  acidifying  principles,  are  attracted  by  ^6®2~JJJj^"  a 
positive  pole,  and,  therefore,  maybe  considered  as  possessed  of  thetTtblpofiUTQ 
negative  power.  J^** 

138.  When  bodies  are  thus  under  the  influence  of  electrical  decom- 
position, their  usual  chemical  energies  are  suspended,  and  some  veiySSTdiLr- 
carious  phaenomena  are  observed^  which  may  be  illustrated  by  the  fol-e^  hj  gawa 
lowing  experiments.  "*"• 

Fill  the  ^ass  tubes  a  a,  which 
are  closed  at  top  and  open  at  bottom, 

with  infusion  of  violets,  or  red  cab- 
bage, and  invert  them  in  the  basins 

BB,coDtaiDing  a  solution  of  Glau- 
ber's salt,   and  connected  by  the 

glass  tube  c,  also  containing  the  blue 

iofmioQ.      p  and  n  are  platinum 

wires,  which  pass  into  the  tubes 

nearly  to  the  bottom,  and  which  are 

to  be  connected  with  the  positive 

aad  negative  extremities  of  the  Vol* 

taic  apparatus.    It  will  be  found  that 

^^gen  is  evolved  at  the  wire  r, 

and  hydrogen  at  n,  derived  from  the 

^composition  of  the  water.    The 


ApfftntiM  for 
iUastratins 
this  power* 
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Glaulier^fl  salt,  which  consists  of  sulpharic  acid  and  soda,  wili  also  be 
decomposed  ;  and  the  blue  hqoor  will  be  rendered  red  in  the  positive 
vessel,  by  the  accumulation  of  sulphuric  acid,  and  green  in  the  negative, 
by  the  soda,  while  the  acid  and  alcali  will  each  traverse  the  tube  c 
without  uniting,  in  consequence  of  being  under  the  influence  of  elec- 
trical attraction. 

139.  The  most  difficultly  decomposable  compounds  may  be  thus  re-» 
solved  into  their  component  parts  by  the  electrical  agency ;  by  a  weak 
power  the  proximate  elements  are  separated,  and  by  a  stronger  power 
these  are  resolved  into  their  ultimate  constituents.  (51). 

140.  All  bodies  which  exert  powerful  chemical  agencies  upon  each 
1H  «tiae»  ^^^^^  when  freedom  of  motion  is  given  to  their  particles,  render  each 
of  Si  Manec-  Other  oppositely  electrical  when  acting  as  masses.  Hence  Sir  H.  Davy » 
dbfJuJIu  I?  the  great  and  successful  investigator  of  this  branch  of  chemical  philoso- 
tra^oafcffti-phy,  has  supposed  that  electrical  and  chemical  phenomena,  tbou^  in 
^^'^"^        themselves  quite  distinct,  may  be  dependent  upon  one  and  the  same 

power,  acting  in  the  former  case  upon  masses  of  matter  in  the  other 
upon  its  particles. 

141.  The  power  of  the  Voltaic  apparatus  to  communicate  diver- 
JjJJJJJJgv  gence  to  the  electrometer,  is  most  observed  when  it  is  well  insulated 
tibe  powerof  and  filled  with  pure  water  ;  but  its  power  of  producing  ignition  and  of 
ttj»w>iteic»p.^y«^  ghocks^  and  of  producing  the  other  effects  observed  when  its 

poles  are  connected,  are  much  augmented  by  the  interposition  of  dilute 
acids,  which  act  chemically  upon  one  of  the  plates  :  here,  the  insula- 
tion is  interfered  with  by  the  production  of  vapour,  but  the  quantity  of 
electricity  is  much  increased,  a  circumstance  which  may,  perhaps  be 
referred  to  the  increase  of  the  positive  enei^  of  ^e  most  oxidable 
metal  by  the  contact  of  the  acid,  in  experiments  made  with  the  great 
battery  of  the  Royal  Institution,  it  has  been  found  that  120  plates  ren- 
dered active  by  a  mixture  of  one  part  of  nitric  acid  and  three  of  water« 
produced  effects  equal  to  480  plates  rendered  active  by  one  part  of  ni- 
tric acid  and  fifteen  of  water. 

142.  In  the  Voltaic  pile,  the  intensity  of  the  electricity  increases 
with  the  number  of  alternations,  but  the  quantity  is  increased  by  exten- 

uTSSS^  ding  the  surface  of  the  plates.  Thus,  if  a  battery,  composed  of  thirty 
Hr  «i«»atiiy.  pairs  of  plates  two  inches  square,  be  compared  wiUi  another  battery  of 
thirty  pairs  of  twelve  inches  square,  charged  in  the  same  way,  no  differ- 
ence will  be  perceived  in  their  effects  upon  bad  or  imperfect  conduc- 
tors ;  their  powers  of  decomposing  water  and  of  giving  shocks  will  be 
similar  j  but  upon  good  conductors  the  effects  of  the  large  plates  wilt 
be  considerably  greater  than  those  of  the  small :  they  will  ignite  and 
fuse  large  quantities  of  platinum  wire,  and  produce  a  very  brilliant 
spark  between  charcoal  points.  The  following  experiment  well  illus- 
trates the  different  effects  of  quantity  and  intensity  in  the  Voltaic  appa- 
ratus. 

Immerse  the  platinum  wires  connected  with  the  extremity  of  a 
charged  battery  composed  of  twelve-inch  plates  into  water,  and  it  ¥nll 
uioSunltiw^  be  found  that  the  evolution  of  gas  is  nearly  the  same  as  that  occasioned 
by  a  similar  number  of  two*inch  plates.  Apply  the  moistened  fingers 
to  the  wires,  and  the  shock  wili  be  the  same  as  if  there  were  no  con- 
nexion by  the  water.  While  the  circuit  exists  through  the  hnmati  foo- 
dy and  the  water,  let  a  wire  attached  to  a  thin  slip  of  charcoal  be  made 
to  connect  the  poles  of  the  battery,  and  the  charcoal  will  become 
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vividl  J  ignited.  The  water  and  the  animal  substance  discharge  the  elec* 
tricity  of  a  surface  probably  not  superior  to  their  own  surface  of  con- 
tact with  the  metals ;  the  wires  discharge  all  the  residual  electricity  of 
the  plates ;  and  if  a  similar  experiment  be  made  on  plates  of  an  inch 
square,  there  will  scarcely  be  any  sensation  when  the  hands  are  made 
to  connect  the  ends  of  the  battery,  a  circuit  being  previously  made 
throng  watcnr ;  and  no  spark,  when  charcoal  is  made  the  medium  of 
connexion,  imperfect  conductors  haying  been  previously  applied. 

These  relative  effects  of  quantity  and  intensity  were  admirably  il- 
lustrated by  the  experiments  instituted  by  Mr.  Children,  who  con-chiiaMa*s 
stmcted  a  battery,  the  plates  of  which  were  two  feet  eight  inches  ^'^"^r- 
wide,  and  six  feet  high.  They  were  fastened  to  a  beam  suspended  by 
counterpoises  from  the  ceiling  of  his  laboratory,  so  as  to  be  easily  im- 
mersed into  or  withdrawn  from  the  cells  of  acid.  The  effects  upon 
metaUic  wires  and  perfect  conductors  were  extremely  intense ;  but  up- 
on imperfect  conductors,  such  as  the  human  body,  and  water,  they 
were  feeble.— FAt/.  Trans.,  1815,  p.  363, 

143«  When  the  extremes  of  a  battery  composed  of  lai^  plates  are 
united  by  wires  of  different  metals,  it  is  found  that  some  are  more  easily 
ignited  lliaii  oih«r»,  a  circumstance  which  has  been  referred  to  U&eir^llSlf'^  ^ 
conducting  powers :  thos,  platinum  is  more  easily  ignited  than  silver, 
and  silver  than  zinc.  If  the  igoition  be  supposed  to  result  from  resis* 
tanca  to  the  passage  of  electricity,  we  should  say  that  the  zinc  conduct- 
ed better  than  silver,  and  the  silver  than  platinum. 

144.  An  important  improvement  has  been  suggested  in  the  construc- 
tion of  the  Voltaic  apparatus  hj  Dr.  Wollastoit,  (Annals  of  PhUasaphy^ 
Sept.  1815,)  by  which  great  increase  of  quanUty  is  obtained  without 
inconvenient  augmentation  of  the  size  of  the  plates :  it  consists  in  ex- 
lending  the  copper  plate,  so  as  to  oppose  it  to  every  surficeof  the 
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zinc,  as  seen  in  tke  annexed  cut.  m.  is  the  rod  of  wood 'to  whicb  the 
plates  are  screwed ;  bb  the  zinc  plates  connected  as  usual  with  the 
Copper  plates  cc,  which  are  douhled  over  the  zinc  plates,  and  opposed 
to  them  upon  all  sides,  contact  of  the  surfeces  heing  prevented  bj 
pieces  of  wood  or  cork  placed  at  dd. 

With  a  single  pair  of  plates  of  very  small  dimensions  constructed  up- 
on this  princi{^e,  Dr.  Wollaston  succeeded  in  fusing  and  igniting  a  line 
The  most  eeo  platinum  Wire.  From  the  experience  which  1  have  had  of  this  con- 
'Id'form.^"^  ^^^^^^>^9 1  am  inclined  to  consider  it  the  most  (economical  and  useful 
form  of  the  Voltaic  apparatus ;  certainly,  at  least,  it  is  so  for  all  those 
researches  in  which  there  is  an  occasional  demand  for  quantity  as  well 
as  intensity  of  electricity. 

145.  The  theory  of  the  Voltaic  pile  is  involved  in  many  difficulties^ 
The  original  source  of  electricity  appears  to  depend  upon  the  contact 
of  the  metals,  for  we  know  that  a  plate  of  silver  and  a  plate  of  zinc, 
o  *'Vm«/u  *  ^  or  of  dny  other  difficultly  and  easily  oxidahle  metals,  become  negative 
tiM  priociJSe"  and  positive  on  contact.     The  accumulation  must  be  referred  to  induce 
ofinduetion.  ^Vm,  which  takes  place  in  the  electrical  column  (129)  through  the 
very  thin  stratum  of  air  or  paper,  and  through  water  when  that  fluid 
is  interposed  between  the  p^tes.    Accord^ly  wc  observe  that  the 
apparatus  is  in  the  condition  of  the  series  ef  conductors  with  interpos- 
ed  air  (112)  and  of  the  Leyden  phials  (118).     When  the  electric  co- 
lumn is  insulated  the  extremities  exhibit  feeble  negative  and  positive 
powers,  but  if  either  extremity  be  connected  with  the  ground,  the 
electricity  of  its  poles  or  extremities  is  greatly  increased,  as  may  be 
shown  by  the  increased  divergence  of  the  leaves  of  the  electrometer 
which  then  ensues. 
electricity         146.  As  general  changes  in  the  form  and  constitution  of  matter  are 
acUvrb  M-  connected  with  its  electrical  states,  it  is  obvious  that  electricity  most 
t»re.  be  continually  active  in  nature.     Its  effects  are  exhibited  on  a  magni- 

ficent scale  in  the  thunder-storm,  which  results  from  the  accumulation 
of  electricity  ia  the  clpuds,  as  was  first  experimentally  demonstrated 
by  Dr.  Franklin,  who  also  first  showed  the  advantage  of  pointed  con- 
Urhiiaag      ductors  as  safeguards  to  buildings.     In  these  cases  the  conducting  rod 
"*  '  or  rods  should  be  of  copper  or  iron,  and  from  half  to  three-fourths 

of  an  inch  diameter.  Its  upper  end  should  be  elevated  three  or  four 
feet  above  the  highest  part  of  the  building,  and  all  the  metallic  parts 
of  the  roof  should  be  connected  with  the  rod,  which  should  be  per- 
fectly continuous  throughout,  and  passing  down  the  side  of  the  build- 
ing, penetrate  several  feet  below  its  foundation,  so  as  always  to  be  im- 
mersed in  a  moist  stratum  of  soil,  or  if  possible,  into  water.  The 
leaden  water-pipes  attached  to  houses  often  might  be  made  to  answer 
the  purpose  of  conductors,  especisdly  when  thick  enough  to  resist  fu- 
sion. 

During  a  thunder-storm  the  safest  situation  is  in  the  middle  of  a 
room,  at  a  distance  from  the  chimney,  and  standing  upon  a  woollen  rug, 
which  is  a  nonconductor.  Blankets  and  feathers  being  nonconductors, 
bed  is  a  place  of  comparative  safety,  provided  the  bell -wires  are  not 
too  near,  which  are  almost  always  melted  in  houses  struck  by  lightning. 
When  out  of  doors,  it  is  dangerous  to  take  shelter  under  trees  :  the 
safest  situation  is  ivithin  some  y-ards  of  tliem,  and  upon  the  dryest  spot 
that  can  be  selected. 
Biccbai^e  of  The  discharge  of  electricity  in  a  thunder-storm  is  sometimes  only 
Ufhioiiig:.      gj^m  ^j^^^  ^^  ^j^^^ .  gQmetJnj^  fr^m  ^^  g,„^  ^^  ^i^g  clouds ;  and 


££.ECTIItCITr.  51 

fometimes  from  the  clonds  to  the  earth,  «fl  one  or  other  may  be  pocd* 
6we  or  negative.  When  aqueoos  rapoar  is  condensed,  the  clouds 
formed  are  usoallj  mpre  or  less  electrical ;  and  the  earth  below  them 
being  brought  into  an  opposite  stirte,  by  indnction,  a  discharge  takea 
place  when  the  clouds  approach  within  a  certain  distance,  constituting 
hghtning  ;  and  the  undulation  of  the  air,  produced  by  the  discharge,  is 
the  cause  of  thunder,  which  is  more  or  less  intense,  and  of  longer  or 
shorter  duration,  according  to  the  quantity  c(  air  acted  upon,  and  the 
didtaaceof  the  place,  where  the  report  is  heard  from  the  point  of  the  Mode  of  deter 
diiicliarge.  It  may  not  be  uninteresting  to  giye  a  further  illustration  of  jj|jj'^  ''^*  •*'• 
tliis  idea ;  electrical  effects  take  place  in  no  sensible  time ;  it  has  been 
foand  that  a  discharge  through  a  circuit  of  four  miles  is  instantaneous  ; 
but  sound  moyes  at  &e  rate  of  about  twelve  miles  in  a  minute.  Now, 
supponng  the  lightning  tO  pass  through  a  space  of  some  miles,  the  ex* 
plosion  will  be  first  heard  from  the  point  of  the  lar  agitated,  nearest  to 
the  spectator ;  it  wiD  gradually  come  from  the  more  distant  parts  of 
the  course  of  the  electricity,  and  last  of  all,  will  be  heard  from  the  re* 
mote  extremity ;  and  the  different  degrees  of  the  agitation  of  the  air, 
and  likewise  the  diffierence  of  the  distance,  wiU  account  for  the  diffier* 
ent  intensities  of  the  sound,  and  its  apparent  reverberations  and  changes. 
*'  In  a  violent  thunder-storm,  when  the  sottnd  instataltly  succeeds  the 
flash,  the  persons  who  witness  the  circumstance  are  in  some  danger; 
when  the  interval  is  a  qiiarter  of  a  minute,  they  arc  secure." — Davt's 
Dements,  p.  139. 

147-  A  variety  of  electrical  apparatus  has  been  devised  to  illustrate  App*r*tu.  to 
tie  operation  of  conductors  for  hghtning,  and  the  advantage  of  points  ^^t^aQnithl 
over  balls ;  the  simplest  consists  of  a  model  of  a  house  having  a  con-  »>"«  coaduc- 
ductor  with  a  break  io  it,  in  which  some  inflammable  matter  should  be 
placed ;  the  lower  end  of  the  conductor  should  be  communicated  with 
the  exterior  of  a  charged  Leyden  phial,  the  knob  of  which,  brought 
over  its  upper  end,  will  then  represent  a  thunder-cloud.     If  the  con- 
ductor be  pointed,  it  will  be  slowly  discharged ;  if  surmounted  by  a 
ball,  there  will  be  an  explosion,  and  the  combustibles  probably  inflam- 
ed. 

*  148.  The  coruscations  of  the  aurora  bartalis  are  also  prd[>ably  elec-  Aurora  boreft- 
tncal,and  mu'ch  resemble  flashes  of  electric  light  traversing  rarefied  "^^7**" 
air.  The  water-spout  may  be  referred  to  the  same  source,  and  is  pro- 
bably the  result  of  the  operation  of  a  weakly  electrical  cloud,  at  ab 
inconsiderable  elevation  abore  the  sea,  brought  into  an  opposite  electri- 
cal state :  and  the  attraction  of  the  lower  part  of  the  cloud,  for  Che  sur- 
face of  the  water,  may  be  the  immediate  cause  of  this  extraordinary 
phenomenon . 

149.  In  the  gymnotus  or  electric  eel,  and  in  the  torpedo  or  electric  ray,  ^,^^^^j^jj| 
are  arrangements ,  given  to  those  remarkable  animals  for  the  purposes  of  fiihci."^ 
defence,  which  certain  forms  of  the  Voltaic  apparatus  much  resemble, 
for  thcj  consist  of  many  alternations  of  different  sub^ances.  These 
electrical  organs  are  much  more  abundantly  supplied  with  nerves  than 
any  other  part  of  the  animal,  and  the  two  frequent  use  of  them  is  suc- 
ceeded by  debility  and  death.— Tonn,  Phil.  Trans.,  1817. 

That  arrangements  of  different  organic  substances  are  capable  of  Arraopeineot» 
producing  electrical  effects,  has  been  shown  by  various  «xperi»nenti- ;i^°'J^,°;VmiV 
lists.    If  the  hind  legs  of  a  frog  be  placed  upon  a  glass  plate,  and  t^^  °[^^'^J2'^. 
cnual  nerve  dissected  out  of  one  m«de  to  communicate  with  the  other,  f«tt*.  ^ 
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it  will  be  (bund,  upon  making  occasional  contacts  with  (he  remaiuiiig 
crural  neire,  that  die  limbs  of  the  animal  will  be  agitated  at  each  con- 
tact.    These  circumstances  have  induced  some  pl^rsiologists  to  suppose 
EWetricity    ^bat  electricity  may  be  concerned  in  some  of  the  most  recondite  phae- 
Jh"!*  *******  nomena  of  vitality,  and  Dr.  Wollaston,  Sir  E.  Home,  and  myself,  have 
0*  ^Tiuaitxl  made  some  experiments  tending  to  confer  probability  on  this  idea. — 
PhU.  Tram.,  1809. 

160.  We  have  as  yet  no  plausible  hypothesis  concerning  the  cause  of 
electrical  phaenomena,  though  the  subject  has  engaged  the  attention  of 
the  most  eminent  philosophers  of  Europe.  They  have  been  by  some 
referred  to  the  presence  of  a  peculiar  fluid  existing  in  all  matter,  and 
exhibiting  itself  by  the  appearances  which  have  been  described,  when 
'T&cor^.  QYer  its  equilibrium  is  disturbed,  presenting  negative  and  positive  elec- 
tricity when  deficient  and  when  redundant.  Others  have  plausibly  ar> 
gued  for  the  presence  of  two  fluids,  distinct  from  each  other.  Others 
have  considered  the  efiects  as  referable  to  peculiar  exertions  of  the  at- 
tractive powers  of  matter,  and  have  regarded  the  existence  of  any  dis- 
tinct fluid  or  form  of  matter  to  be  as  unnecessary  to  the  explanation  of 
the  phenomena,  as  it  is  in  the  question  concerning  the  cause  of  gravi- 
tation. 

151.  When  the  flame  of  a  candle  is  placed  between  a  positive  and 
Kip«rimeDU  D^^tive  suiface^  it  is  uiged  towards  the  latter  ;  a  circumstance  which 
ftecmiiig  to  fa-  has  been  explained  upon  the  supposition  of  a  current  of  electrical  mat- 
Iban  uietiierr  ter  passing  from  the  positive  to  the  negative  pole  ;  indeed,  it  has  been 

considered  as  demonstrating  the  existence  of  such  a  current  of  matter. 
But  if  the  flame  of  phosphorus  be  substituted  for  that  of  a  candle,  it 
takes  an  opposite  direction ;  and,  instead  of  being  attracted  towards  the 
Xkegative,  it  bends  to  the  positive  surface.  It  has  been  shown  that  in- 
flammable bodies  are  always  attracted  by  negative  surfaces,  and  acid 
bodies,  and  those  in  which  the  supporters  of  combustion  prevail, 
are  attracted  by  positive  surfaces  (1^7.)  Hence  the  flame  of  the  can- 
dle throwing  off  carbon,  is  directea  to  the  negative  pole,  while  that  of 
phosphorus  forming  acid  matter  goes  to  the  positive,  consistently  with 
the  ordinary  laws  of  electrochemical  attraction. — PhtL  Trasis.y  1814. 

1 52.  There  are  other  experiments  opposed  to  the  idea  that  electii- 
S^ow^dtion  ^y  "  ^  material  substance.     If  we  discluirge  a  Leyden  phial  through  a 
to  electricity  quire  of  paper,  the  perforation  is  equally  burred  upon  both  sides,  and 
being  Baten-  ^^^^  u^u  the  negative  side  only,  as  would  have  been  the  case  if  any  ma- 
terial body  had  gone  through  in  that  direction.     The  power  seems  to 
have  come  from  the  centre  of  the  paper,  as  if  one  half  of  the  quire  had 
been  attracted  by  the  positive,  and  the  other  by  the  negative  surface. 

153.  When  a  pointed  metallic  wire  is  presented  towards  the  conduc- 
One  of  a  con-  ^^'  ^^  ^^  electrical  machine,  in  a  darkened  room,  a  star  of  light  is  ob- 
miy  tcDdea-  served  when  the  conductor  is  positive,  but  a  brush  of  light  when  it  is 
^^'             negative  ;  a  circumstance  which  has  been  referred  to  the  reception  of 

the  electric  fluid  in  the  one  case^  and  its  escape  in  the  other.  In  the 
Voltaic  discharge  the  same  appearances  are  evident  upon  the  charcoal 
point,  rays  appearing  to  diverge  from  the  negative  conductor,  while  up- 
on the  jpositiVe  a  spot  of  bright  light  is  perceptible.  But  these  affec- 
tions of  light  can  scarcely  be  considered  as  indicating  the  emission  or  re- 
ception of  any  specific  form  of  matter. 
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CHAPTER  II. 


or  RADIANT  OR  IMPOKDERABLE  MATTER. 


154.  Of  the  sabstances  belonging  to  our  globe,  some  are  of  so  subtile 
a  natore  as  to  require  minute  and  delicate  inrestigation  to  demonstrate  Tooinbtik  Ux 
their  existence ;  they  can  neither  be  confined,  nor  submitted  to  thetkeowfti 
usual  modes  of  examination,  and  are  known  only  in  their  states  of  nKHnun^.*^ 
tion  as  acting  upon  our  senses,  or  as  producing  changes  in  the  more 
gross  forms  of  matter.     They  have  been  included  uj^er  the  general 
term  of  Radiant  or  Impondsrarle  Ethereal  Matter,  which  as,  it  pro- 
duces different  phenomena,  must  be  considered  as  differing  either  in 
its  nature  or  affections.    Respecting  the  nature  of  these  phenomena, 
two  opinions  hare  been  ttntertnined.  and  oaucK  «hly  anpported.     It  has 
been  supposed  by  Huygens  and  Descartes,  that  they  arise  from  vibni-^«^^%^«- 
tions  of  a  rare  elastic  medium  which  fills  space ;  while  Newton  has^[!lte«''.>4 
considered  them  as  resulting  from  emanations  of  particles  of  matter.  ^*^^"* 

The  other  forms  of  matter  are  tangible  and  p<mderable,  and,  there- 
fore, easily  susceptible  of  accurate  examination ;  they  may  be  consi- 
dered as  resulting  from  the  mutual  agencies  of  heat  and  attraction,  and 
are  comprehended  under  the  three  classes  of  Soiids^  Liquids^  ^nd 
Gasei, 


SkcTioN  I.     Of  the  Effects  of  Radiani  Matter  %n  producing 
the  PhcBnomena  of  Finon, 

156.  The  minute  investigation  of  those  laws  of  light  which  relate 
to  its  motion,  and  effects  in  producing  vision,  constitutes  a  branch  of 
•f  tbe  acience  of  Optics,  and  therefore  belongs  to  Mechanical  Philo« 
tophy ;  it  is,  however,  requisite  that  some  of  &em  should  partially  be 
consideTed  as  bearing  upon  important  questions  of  chemical  inquiry. 

The  phenomena  of  vision  are  produced  either  by  bodies  inherently  vutoa. 
luminous,  such  as  the  sun,  the  fixed  stars,  and  incandescent  substances ; 
or  they  are  referable  to  the  reflection  of  light  from  the  sur&ces  of  bo- 
dies. It  is  thus  that  the  objects  around  us  are  visible  by  reflecting  the 
sun's  rajs,  in  the  day-time,  but  become  lost  in  obscurity  when  that  lu- 
minary sinlu  beneath  the  horizon. 

166.  The  manner  in  which  the  eye  is  affected  by  luminous  bodies 
shows  that  light  is  transmitted  in  ri^t  lines,  and  every  right  line  drawn  tight  irm*- 
from  a  luminous  body  to  the  eye  is  termed  a  ray  of  light,  and  as  a  con-  JJJi**^^"***^ 
f eries  of  rays  possesses  the  same  properties  as  the  single  ray,  the  same 
abstract  term  is  frequently  employed  to  designate  tbe  congeries. 
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167.  The  discoveries  of  Roemer,  {PhiL  Trans.  ^^  V'ol.  xli.)  PmA    oF 
ft  bif^'^*^®^'  (FAt7.  Trfltw.,  Vol.  xxxv.  and  xIt.)  have  showo  that  light  is 

maUon.  **  about  eight  minutes  and  thirteen  seconds  in  passing  from  the  mm  to  the 
earth)  so  that  it  may  be  considered  as  moving  at  the  rate  of  200^000 
miles  in  a  second. 

168.  Some  bodies  intercept  light  or  are  opaque:  others  allow  its 
transmission,  or  are  transparent ;  and  there  are  gradations  from  per- 
fect opacity  to  nearly  perfect  transparency.  It  is  probable  that  opaci- 
ty results  from  the  attraction  of  the  sabc^nce  for  light,  and  not  from 
its  density,  for  it  can  scarcely  be  supposed  that  the  particles  of  bodies 

21^^^^.,.^^  should  not  be  far  enough  distant  to  allow  of  the  passage  of  light.  New- 
er opaeiQr  It  tou  supposes  the  paiticles  of  tramrparent  bodies  to  be  of  oniform  deftsi- 
fnmpttooj.  ^y  ^^^  arrangemeat,  and  attracting  the  ray  of  light  equally  in  every  di- 
rection, they  sufier  it  to  pass  Uiroogh  them  without  obstmctian  ; 
whereas,  in  opaque  bodies,  the  psrticles  are  either  of  unequal  densi- 
ty or  irregularly  arranged,  and  the  li|^t  being  unequaUj  attracted,  can« 
not  therefore  penetrate  the  body. 

159.  When  a  ray  of  Ught  passes  through  tiie  same  medium,  or  wlieA 
it  passes  perpendicularly  from  one  traasparent  medium  into  another, 
it  continues  to  move  without  changing  its  direction  ;  but,  when  it  pass- 
&Rnt  deu^  es  obliquely ^rom-oiM  leJUiwiii  iaita  jwothay  ai  a  different  density,  it  is 
tiet  intiM  n*-  thrown  more  or  leas  out  of  its  old  direction^  and  is  said  to  be  refracted, 
^"*  The  refraction  is  towards  the  perpendicular  when  the  ray  pasees  into 

a  denser  medium,  and /rom  the  perpendicular  when  it  passes  into  a 
rarer  medium.     The  medium  in  which  the  rays  of  light  are  caused  to 
f^proach  nearest  to  the  Une  perpendicular  to  its  surface,  is  said  to  hav€ 
the  greatest  refractive  density. 
lUfrtetiTtt         160.  The  density  of  bodies  is  by  no  means  the  only  circomstsmce 
'^Jlb  mTuw  ^^^  effects  their  refractive  power,  it  also  depends  upon  their  chemi- 
«hemic«i  our  cal  uatuTO ;  and  generally  speaking  those  substances  have  the  greatest 
dkltti^r*"**'^^*^^^^  power  which  are  combustible,  or  which  contain  an  inflam- 
mable basis :  the  refractive  power  of  compounds  is  not  the  mean  de- 
*  wMof^m- ^**^®^  from  that  of  their  components  ;  which,  however,  it  generally  is 
9^^  MtiEl  in  mere  mixtures.     The  following  table  exhibits  the  refractive  powers 
^•^aVjr  of  several  gaseous  and  solid  bodies,  from  the  experiments  of  Biot  and 
«h«ircoiinktih  Arago,  and  from  Newtoh's  OpHes : 

Atmospheric  air  .  , l.OOOOO 

Oxygen    .  .  .  .  , 0.86161 

Nitrogen 1.03408 

'     Hydrogen 6.61486 

.  ,.   ,,  Ammonia 2.16851 

Tjjia^ftb^rj.  Carbonic  acid 1.00476 

Wioaeb#-  Cafburetted  hydrogen 2.09270 

Muriatic  acid  gas     1.19625 

Muriatic  ether,  in  gaseous  state 1.71344 

Water 1.7225 

Alcohol , 2.2223 

Olive  oil 2.7684 

Diamond * 3.1961 

Gum  Arabic   .  .  .  .  , 1.8826 

Rtfl^ct«4  161^  When  the  rays  of  light  arrive  at  the  surfaces  of  bodies,  a  part 

of  theiP)  and  sometipies  nearly  thfi  wbotei  19  thrown  back,  or  refl^cud, 
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* 

tnd  the  more  obliquely  the  light  falls  iipoa  the  sur&ce,  the  greater  ia 
geDeral  is  the  reflected  portioa.  In  these  cases  the  angle  of  reflection 
is  always  equal  to  the  angje  of  incideDce. 

Let  a  a  represent  pencils  of  kght  falling  upon  the  surface  of  a  polish- 
ed piece  of  glass  a,  the  perpendicular  pencil  will  pass  tm  in  a  straight 
line  to  d.  Of  the  ohlique  pencil,  one  portion  will  enter  the  glass  and 
suffer  refraction  towsird^  the  perpendieukr  as  at  6,  and  re-entering  the 
atmosphere,  it  will  bend  from  th/e  perpendicular,  and  re-assume  its 
former  direction,  as  at  c.  Another  portion  of  the  oblique  pencil  will  ba 
receded  ai  an  «ng^e  equd  to  thai  of  its  incidence,  as  at  t . 
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1 62.  When  a  ray  of  Kght  passes  through  an  oblique  angular  crystftl- 
boebody,  it  exhy^iti  peculiar  phenomena ;  one  portion  is  refracted  in 
the  ordinary  way ;  another  supers  extraordinary  refraction,  in  a  plane 
parallel  to  die  ^hagonal  joining  the  two  obtuse  angles  of  the  crystal ;  sa 
ibat  olivets  seen  through  the  crystol  appear  double.  Transparent 
rhombolda  of  oarbonate  of  Ume,  or  Iceland  crystdl^exhabit  thiA  pba&no- 
nenon  of  dombU  refraetian  particul^ly  distinct.  S^'af**^ 

If  a  ray  of  Ughi,  which  has  thus  suffered  double  refraction,  be  receiv- 
ed by  another  crystal,  placed  parallel  to  the  first,  tiiere  wiH  be  no  new 
diTiaion  of  the  rays ;  but  if  it  be  placed  in  a  transverse  (Erection,  that 
part  of  the  ray  which  before  suffered  ordinary  refraction  will  now  un-  ordinaiyft 
dei^  extraonEnary  refiraction,  and  reciprocaU^y  that  which  underwent  ^^(j°^''7 
extraordinary  refraction  now  suffers  ordinary  refraction. 

If  the  second  crystal  be  turned  gradually  round  in  the  same  plane, 
when  it  has  made  a  quarter  of  a  revolution  there  will  be  four  divisions  S^JJ^^^^cme 
of  thera;^,  and  they  will  be  reduced  to  two  in  the  half  of  the  revolution ;  dependant  trp 
eo  that  the  refracting  power  appears  to  depend  upon  some  relation  of  ^°a'°?er;^t'll 
the  position  of  the  crystalline  particles.  i*°«  parucui. 

163.  When  light  is  reflected  from  bodies,  it  retains,  under  many  cir- 
camsUnces,  its  former  relations  to  the  refractive  power  of  transparent 
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media  ;  but,  in  certain  cases,  at  angles  differing  for  different  sabatan- 
ces,  the  reflected  rays  exhibit  peculiar  properties,  analogous  to  those 
which  have  suffered  extraordinary  refraction.  Thus,  if  the  flame  of  a 
taper  reflected  at  an  angle  of  52<*  46'  from  the  surface  of  water,  be 
viewed  through  a  piece  of  doubly  refracting  spar,  one  of  the  images 
will  vanish  every  time  that  the  crystal  makes  a  quarter  of  a  revolution. 

164.  When  a  ray  of  light  is  made  to  fall  upon  a  polished  glass  surface, 
de'^e  cqauito  atau  angle  of  incidence  of  35^  25',  the  angle  of  reflection  will  be  equal  to 
wSeSon."^   that  of  incidence.     Let  us  suppose  another  plate  of  glass  so  placed  that 

the  reflected  ray  will  fall  upon  it  at  the  same  angle  of  35^  25' ;  this  se- 
cond plate  may  be  turned  round  its  axis  without  varying  the  angle 
eorioDi  in-     which  it  makes  with  the  ray  that  falls  upon  it.     A  very  curious  cir- 
•tMceofihe  cuiiistance  is  observed  as  this  second  glass  is  turned  round.     Suppose 
and  rajkction  the  two  plaues  of  reflection  to  be  parallel  to  each  other,  in  that  case 
ofiigtu        ^^  ^y  of  light  is  reflected  from  the  second  glass  in  the  same  manner 
as  firom  the  first.     Let  the  second  glass  be  now  turned  round  a  quad- 
rant of  a  circle,  so  as  to  make  the  reflecting  planes  perpendicular  to  each 
other :  now,  the  whole  of  the  ray  will  pass  through  the  second  glass, 
and  none  of  it  will  be  reflected.     Turn  the  second  glass  round  another 
quadrant  of  a  circle,  so  as  to  make  the  reflecting  planes  again  parallel, 
and  the  ray  will  again  be  reflected.     When  the  second  glass  is  turned 
round,  three  qua£tmts,  the  light  will  be  again  transmitted,  and  none  of 
it  reflected.     Thus,  when  the  reflecting  planes  are  parallel,  the  light 
is  reflected,  but  when  they  are  perpendicular  the  light  is  transmitted. 
This  experiment  proves,  that,  under  certain  circumstances,  light  can 
penetrate  through  glass  when  in  one  position,  but  not  in  another.    This 
curious  fact  was  first  observed  by  Mains,  who  accounted  for  it  by  sup- 
posing the  particles  of  light  to  have  assumed  a  particular  position  as  a 
p*i«matioD   ^'^^^^^^  ^^^^  when  under  the  influence  of  a  magnet,  and  hence  he  called 
•flight  ^°   this  property  of  light,  its  Polarisation,     (Thomson's  System^  Vol.  i.  p. 
16.)     It  has  since  been  studied  with  laborious  diligence  by  Dr.  Brew- 
ster, and  by  M.  M.  Arago  and  Biot,— Phil.  Trans.  1813,  1614,  1815, 
1816,  1817. — Annates  de  Ckimie,  tom.  94. — TraiU  de  Physique. 

165.  If  plates  of  mica,  and  certain  other  crystallized  substances,  be 
placed  between  the  glasses  employed  in  the  above  experiments,  so  that 
the  reflected  rays  may  traverse  them  in  passing  from  one  surface  to  the 
other,  it  will  be  found  that  under  certain  circumstances,  the  image  of 
the  candle  will  remain  visible  ;  in  other  words,  the  light  will  be  depo- 
larised  in  passing  through  the  crystallized  medium.  Common  n^ass  is 
generally  incapable  of  depolarising  the  ray,  but  it  acquires  the  depola- 
rising power  when  submitted  to  pressure,  or  heated,  or  when  it  has 
been  heated  and  very  suddenly  cooled  ;  the  influence  of  its  particles 
upon  those  of  light  becoming  then  analogous  to  crystallized  bodies. 

166.  That  a  sunbeam,  in  passmg  through  a  dense  medium,  and  espe- 
cially through  a  triangular  prism  of  glass,  gives  rise  to  a  series  of  bril- 
liant tints  similar  to  those  otthe  rain^w,  was  known  in  the  earliest  ages, 
but  it  required  the  sagacity  of  Newton  to  develope  the  cause  of  the  phae- 
nomenon.     He  proved,  &at  light  consists  of  rays  differing  from  each 

Krismalic  c^  other  in  their  relative  refrangibilities ;  and,  guided  by  their  colour  con- 
sidered their  number  as  seven  :  red,  orange,  yellow,  green,  blue,. indi- 
go, and  violet.  If  the  prismatic  colours,  or  spectrum^  be  divided  into 
360  equal  parts,  the  red  rays  will  occupy  45  of  these  parts,  the  orange 
S7,  the  yellow  48,  the  green  60,  the  blue  60,  the  indigo  40,  and  tbt 
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riolet  80.  Of  these  rays  the  red  being  le&st  refrangible,  fell  nearest  that 
spot  whi<;h  they  woald  have  passed  to,  had  they  not  been  refracted  ; 
while  the  violet  rays  being  most  refrangible,  are  thrown  to  the  greatest 
distance  ;  the  intermediate  rays,  possess  mean  degrees  of  refrangibility. 
167.  These  differently-coloured  rays  are  not  susceptible  of  furSier  de- 
composition, by  any  pumber  of  refractions,  but  when  they  are  collected 
intoa  focas  they  re-produce  white  light.  Upon  these  phsenomena  W|,g^,p„.,y„,. 
founded  the  Newtonian  Iheory  of  colours^  which  supposes  them  to  depend  orj  oTeoioars 
upon  the  absorption  of  all  rays,  excepting  those  of  the  colour  observed. 
Thus  green  bodies  reflect  the  green  rays  and  absorb  the  others.  All  the 
rays  are  reflected  by  white  bodies,  and  absorbed  by  tho^ewhich  are  black. 


Section  II.     Of  the  Operation  of  Radiant  Matter  in  producing  Heat. 

168.  If  a  solar  beam  be  refracted  by  a  prism,  and  the  coloured  image  re- 
reived  upon  a  sheet  of  paper  it  will  be  found,  on  moving  the  hand  gently 
through  it,  that  there  is  an  evident  increase  of  temperature  towards  the 
red  ray.     This  fact  seems  to  have  been  first  noticed  by  Dr.  Hutton  (Dtt- 
sertation  onLdgktandHeat,  p.  39 ;)  but  itis to  Dr.  Herschel  {Phil,  Trans. 
\  800,)  that  we  are  indebted  for  a  full  rn  vestigation  of  the  subject.     If  the  J^'jStTof  "^ 
coloured  rays  be  thrown  successively  upon  delicate  thermometers,  it  wiiluie  prisaoaUc 
be  found,  that  if  the  heating  power  of  the  violet  rays  be  considered  =16,  ^'^ 
that  of  the  green  rays  will  be  =  26,  and  of  the  red=  66.    These  circum- 
stances suggested  the  possibility  of  the  heating  power  of  the  spectrum  ex- 
tending beyond  the  red  ray ;  and  on  applying  a  thermometer  just  out  of 
the  red  ray  ,'and  beyond  the  limits  of  the  visible  spectrum,  this  was  found 
to  be  the  case.     A  thermometer  in  the  red  ray  rose  7*  in  ten  minutes,  but  SuS^f^ 
just  bey  ond  the  red  ray  the  rise  was  =  9** .    It  is  evident,  therefore,  that,  tepMiu«a  ij 
independent  of  the  illuminating  rays,  there  are  others  which  produce  in-^*****"*^ 
crease  of  temperature,  and  these  from  their  increase  towards  the  red  ray, 
and  from  the  spot  which  they  principally  occupy  in  the  refracted  conge- 
ries, are  possessed  of  less  refrangibility  than  fiie  visible  rays. 
Dr.  HerscheFs  experiments  were  repeated,  with  neariy  similar  re-] 


salts,  by  Sir  H.  Englefield,  in  1 802,  and  by  Mr.  Berard,  in  1 8 1 3  (Thom-  ^$'2^7*^ 
son's  Annals f  il,  163,}  who  found  the  maximum  of  heat  to  eidst  just  atmityoftherat 
the  extremity  of  the  red  rav.  '^^' 

169.  That  these  calorinc  rays  are  susceptible  of  refraction  and  re-  conccatntioo 
flection,  is  proved  by  the  intense  heat  produced  when  the  solar  rays  are  J^^JSi^"*" 
concentrated  into  a  focus  by  a  lens,  or  by  a  concave  mirror. 

no.  The  radiant  matter,  emitted  by  terrestial  bodies  at  high  tempe-  Jpd^SuJ'rm- 
ratnres,  agrees  in  many  of  its  properties  with  that  constituting  the  ^}^^*^^^' 
rays,  but  in  others  it  presents  apparent  peculiarities :  the  investigation  J^n«  necuiu- 
of  this  subject  constitutes  a  beautiful  department  of  philosophic  inquiry.  ^'^••J^^'jj^ 

The  effect  we  perceive  in  approaching  a  fire  chiefly  results  from  radi- 
ation and  is  little  connected  with  the  immediate  conducting  power  of  the 
air ;  and  if  a  concave  metallic  mirror  be  held  opposite  the  fire  a  heating 
and  luminous  focus  will  be  obtained.     The  affections  of  terrestrial  ra-  R«flectoa  c^ 
diant  matter  are  best  demonstrated  by  employing  two  concave  mirrors  *•""* 
of  planished  tin  or  plated  copper,  placed  at  a  distance  of  about  ten  feet    ' 
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asunder.  (Ptctet»  Ebmm  de  Phynaue,)  Under  these  circumstances 
when  a  thermometer  is  in  the  focus  oi  one  of  the  mirrors,  it  will  he  (bund 
sensible  to  the  effects  of  a  heated  body  placed  in  the  focus  of  the  opposed 
mirror ;  and  that  the  effect  is  produced  by  reflection,  and  not  by  mere  di- 
rect radiiation,  is  proved,  either  by  drawing  the  thermometer  out'of  the  fo- 
cus towards  the  opposed  mirror,  or  by  placing  a  screen  between  the  ther- 
mometer and  its  mirror,  when  diminution  of  temperature  is  in  either  case 
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jAdicated.     In  these  experiments  the  differential  thermometer  (66)  is 

jnost  advantageously  employed,  and  the  mirrors  may  he  placed  opposite 

each  other  on  theground,'orvertically  suspended  as  in  the  woodcut,where  I 

a  a  represent  the  mirrors,  b  a  pan  of  hot  charcoal,  c  an  air  thermometer.  ; 

171.  If  the  flame  of  a  candle  be  placed  in  the  focus  of  one  mirror,  a  { 
heating  and  luminous  focus  is  obtained  from  the  other  :  but  if  a  plate  o^i^!|J^^^f 

glass  be  now  interposed  between  the  two  mirrors,  the  rays  of  heat  areion«.  '  ' 

arrested,  while  those  of  light,  freely  passing  through  the  glass,  are  col- 
lected, as  usual  in  the  opposite  focus.  It  has  hence  been  concluded  that 
there  is  a  difference  between  solar  and  terrestrial  heat ;  tlie  rays  of  the  ^ 

fonner  passing  through  glass  without  heating  it ;  while  the  rays  of  the  i 

latter  are  stopped  by  glass,  and  it  becomes  hot  when  opposed  to  them. 
— (Scheele's  Experiments  on  Air  and  Fire.)  But  the  rays  of  burn- 
ing bodies  may  in  many  instances  be  shown  to  pass  throu^  glass  with 
great  &cility ;  thus  a  bright  gas  flame  affords  a  heating  as  well  as  a  lumi- 
nous focus,  when  its  rays  are  concentrated  by  a  double  convex  lens,  up- 
on the  bulb  of  an  air  thermometer. — Brande,  Phil.  Trans.  1820.  p.  27, 

172.  In  Uiese  experiments  upon  the  radiation  of  terrestrial  heat,  the 
temperature  excited  by  the  radiant  matter  appears  always  relative  to 
that  of  the  heated  or  radiating  body  ;  and  if  we  assume  that  all  bodies 
are  constantlv  throwing  off  radiant  matter,  the  effects  of  temperature 
which  it  produces  when  condensed  or  collected  into  a  focus  by  a  con- 
cave mirror,  will  bear  a  relation  to  the  source  ;  for  the  particles  may  be 
conceived  to  move  with  such  velocity  as  not  to  be  affected  by  circumja- 
cent bodies,  or  by  the  circumambient  air.  Thus ,  white-hot  iron  produ- 
ces a  greater  effect  upon  the  focal  thermometer  than  that  which  is  only 

red-hot,  and  red-hot  iron  causes  a  greater  effect  than  hot  water  ;  a  bo-  , 

dy  of  the  same  temperature  as  the  thermometer  causes  no  chang/e  in  it ; 
bat  cold  bodies  produce  an  effect  of  cold,  because  the  particles  which 
they  radiate,  when  stopped  by  impinging  upon  the  thermometer-bulb, 
are  of  a  lower  temperature. 

1 73.  Radiation  has  by  some  been  accounted  for  upon  the  idea  of  the  R^^pa  ■ 
heated  body  producing  undulations  in  the  air,  something  analogous  to  coo»ider«i  m 
the  waves  excited  by  sonorous  foodies  ;  butthje  different  pha&nomena  on^^'^^X- 
of  prismatic  refraction  and  oi  solar  and  terrestrial  radiation  are  not  sa-^"«  <>'  •^* 
tisfactorily  explained  upon  such  an  hypothesis. 

Newton  endeavoured  to  explain  the  different  refrangibility  of  theNewWside*. 
rays  of  light,  by  supposing  them  composed  of  particles  of  different  siz-^t^f*  nactb^ 
es ;  and  adopting  this  hypothesis,  we  should  say,  that  the  particles 
of  red  light  were  lai^^t,  those  of  violet  light  smallest.     The  heating 
rays  (168)  would  consist  of  particles  yet  larger  than  those  producing 
colour  ;  and  the  smallest  particles,  or  most  attenuated  radiant  mittter, 
wonldbe  that  which  produces  certain  chemical  changes  (180.) — (New- 
tok's  Optics.)     Upon  this  hypothesis,  too,  it  would  appear  that  the 
particles  of  terrestrial  heat  are  of  «o  large  a  size  as  to  be  partially  ar- 
rested in  their  progress  by  glass  and  other  transparent  bodies  which  al-    . 
low  a  free  passage  to  solaT  mdiant  matter. 

Newton  has  also  put  the  query,  *'  whether  light  and  common  matter 
are  not  convertible  into  each  other  ?"  And  if  we  consider  sensible  heat 
io  bodies  to  depend  upon  vibrations  of  their  narticles,  a  certain  intensi- 
ty of  vibrations  may  send  off  particles  into  tVee  space  ;  and  particles 
moving  rapidly  in  right  lines,  may,  in  losing  thfeir  own  motion,  commu- 
nicate  a  vibratory  motion  to  the  particles  of  terrestrial  bodies .^--Pa- 
yi'9  EUments,f.  215. 
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RadiaUMi  in       ^'^^'  ^^^^^^^^^  gocs  Oil  in  all  elastic 

•Uiuc  media  media,  and  in  the  Torricellian  and  air- 

wUiMTiT^'pttnap  vacuum,  as  may  be  shown  by  igni- 

cauB.  ting  charcoal  by  means  of  the  Voltaic  bat- 

tery, placed  in  the  focus  of  a  small  mirror 
confined  in  the  eJchausted  receiver  of  the 
air-pump.  Sir.  H.  Davy  found  thatthe  re- 
ceiver being  exhausted  to  y^^,  the  ef- 
fect upon  the  thermometer  in  the  oppo- 
site focus  was  nearly  three  times  as  great 
as  when  the  air  was  in  its  natural  state 
of  condensation,  a  is  the  receiver,  b  b 
the  insulated  wires  connected  with  the 
voltaic  apparatus  igniting  the  charcoal 
in  the  focus  of  the  upper  mirror  c.  In 
the  focus  of  the  lower  mirror  d  is  the 
tliermometer  e, 

Beatin  effe  I       ^^^*    '*  ^^  ^^^^  ^®®"  kuOWU,  in   TC- 

of^iS^imyagard  to  solar  rays,  that  their  heating 
^^J^gJ*^  effect  depends  much  upon  the  colour 
loun.  of  the  surfaces  upon  which  they  im- 

IttDge,  and  that  black  and  dark  bodies  are  more  heated  than  those 
which  are  white  or  of  light  tints,  circumstances  dependent  upon  ab- 
sorption and  reflection. 
RadiatioB  of  Profcssor  LesHe  has  shown  that  the  phaenomena  of  terrestrial  radia- 
eaiorie  in  di-  tiou  are  Connected  with  the  nature  of  the  radiating  surface  ;  and  that 
J^lJ'SJJ^^f  those  surfaces  which  are  the  best  radiators  of  this  heat  are  also  gifted 
•*>»n?<««      with  the  greatest  absorbing  power. — Lksh£  on  Heat, 

Unmetallic  and  unpolished  surfaces  are  the  best  radiators,  and  also 
the  best  receivers  of  radiant  heat ;  while  polished  metallic  substances 
are  the  worst  radiators,  and  have  the  lowest  absorbing  powers.     In  the 
experiments  with  the  m^^lic  mirrors,  the  whole  nearly  of  the  heat  is 
^  reflected,  and  the  mirror  itself  does  not  become  warm :  but  if  it  be 

coated  with  any  unpolished,  and  especially  unmetallic  coating,  as  with 
paper,  or  paint,  the  reflection  is  then  scarcely  perceptible  and  the- 
mirror  becomes  hot  from  the  absorption  of  the  radiant, matter. 

In  Professor  Leslie's  experiments  it  was  found,  that  a  clean  metallic 
surface  produced  an  effect  =12  upon  the  thermometer.  When  cov- 
ered with  a  thin  coat  of  glue,  its  radiating  power  was  so  far  increased 
as  to  produce  an  effect  =  80 ;  and,  on  covering  it  with  lamp-black,  it 
became  =  100. 
RadifttioD  in-  In  these  cases  of  radiation,  the  colour  of  the  surface  does  not  inter- 
fere, and  the  different  effects  must  be  ireferredto  the  mechanical  struc- 
ture of  the  radiating  surface.  White  paper  and  lamp-black  produce 
nearly  the  same  effects ;  and  paper,  coloured  blue,  red,  yellow,  and 
green,  does  not  differ  in  radiating  power  from  that  which  is  white^ 
provided  the  colour  produces  no  change  6f  texture  in  the  paper. 

176.  The  connexion  of  the  receptive  with  the  radiating  power  is 
made  obvious  by  coating  the  bulbs  of  thermometers  with  different 
substances.  Thus,  the  effect  of  radiant  heat  upon  a  thermometer 
bulb  covered  with  a  thin  coating  of  lamp-black  being  =  100  ;  when 
the  bulb  is  covered  with  silver-leaf  the  effect  is  only  =  12.  M.  M. 
4>uloDg  and  Petit,  m  their  valuable  Memoir  on  Heat,  which  gained  the 
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prize-medal  of  the  Academy  of  Sciences  for  1818,  have  detailed  a 
variety  of  important  facts  upon  the  subject  of  the  radiation  of  aur- 
hces. 

177.  Upon  the  principle  of  the  absorption  of  the  solar  rays  by 
blackened  surfaces,  Mr.  Leslie  has  constructed  a  phototneter.     It  is  photometer  of 
merely  a  very  delicate  and  small  differential  thermometer,  enclosed  in  ^«*^'«- 

a  thin  and  pellucid  glass  tube.  One  of  the  bulbs  is  of  black  glass, 
which  when  the  instrument  is  suddenly  exposed  to  light,  becoming 
warmer  than  the  clear  bulb,  indicates  the  effect  by  the  depression  of 
the  fluid:  (Leslie  on  Heat,  p.  424.)  A  differential  thermometer 
containing  the  vapour  of  ether,  may  also,  in  certain  experiments,  be 
advantageously  used  as  a  Photometric  Thermometer, — Brande,  PhiL 
Trans,  1820. 

178.  It  is  obvious,  from  the  above-mentioned  fiicts,  that  all  vessels  Ve»ci>  in 
intended  to  retain  heat,  should  be  clean  and  metallic,  for  polished  me-ub  clio^ic*^' 
tallic  surfaces  have  very  low  radiating  powers  ;  whereas  those  vessels  ^"^'^'J^j^,'" 
which  are  either  to  receive,  or  to  radiate,  should  be  blackened  upon      "^ 
their  surfaces.     The  knowledge  of  these  properties  is  economically 
applicable  in  a  variety  of  cases. 


Sectiov  III.     Of  the  Influence  of  Radiant  Matter  in  producing  Chemi- 
^  cal  Changes, 

179.  Radiaut  matter  possesses  considerable  influence  over  the^^^j^,  „^t. 
chemical  energies  of  bodies.     If  a  mixture  of  equal  volumes  of  the  ***  poflaeB»<>s 
gases  called  chlorine  and  hydrogen  be  exposed  in  a  dark  room,  theyiiS^tc?**ov«r 
slowly  combine,  and  produce  muriatic  acid  gas;  but,  if  exposed  to ^^''^^•"J^jj^ 
the  direct  rays  of  the  sun,  the  combination  is  very  rapid,  and  often au?'*'^ 
accompanied  by  an  explosion. 

Chlorine  and  carbonic  oxide  have  scarcely  any  tendency  to  combine, 
even  at  high  temperatures,  when  hght  is  excluded,  but  exposed  to  the 
solar  rays  they  enter  into  chemical  union.  Chlorine  has  Uttle  action 
upon  water,  unless  exposed  to  light ;  and,  in  that  case,  the  water, 
which  consists  of  oxygen  and  hydrc^en,  is  decomposed.  The  hydro- 
gen unites  with  the  chlorine  to  produce  muriatic  acid,  and  the  oxygen  is 
erolved  in  a  gaseous  form. 

180.  These,  and  numerous  other  similar  cases  which  might  be  ad-  p„^„,,, 
duced,  show  that  radiant  matter  influences  the  chemical  energies  of  ehemir-i 
bodies,  independent  of  its  heating  powers.     Scheele  {Experiments  on  ****»°k" 
Air  and  Fire,  p.  78,  ^c.)  was  the  first  who  entered  upon  this  curious    ^ 
investigation  ;  and  many  important  facts  connected  with  it  have  been 
more  lately  ascertained  by  Ritter,  Wollaston,  and   Davy.     Scheele 
threw  the  prismatic  spectrum  upon  a  sheet  of  paper,  moistened  witit 

a  solution  of  nitrate  of  silver,  a  salt  quickly  decomposed  by  the  agen- 
cy of  light.  In  the  blue  and  violet  rays  the  silver  was  soon  reduced, 
producing  a  blackness  upon  the  paper,  but  in  the  red  ray  scarcely  any 
limilar  effect  was  observed.  Wollaston  and  Ritter  discovered  that 
these  chemical  changes  were  most  rapidly  effected  in  the  space  which 
bounds  the  voilet  ray,  and  which  is  out  of  the  visible  spectrum. 


^^  PHOSPRORESCeifr   SCBStANCES. 

Dirition  of  M-     1 B 1 .  It  has  been  thus  ascertained,  that  the  solar  beanos  arc  refrangibte 
utnyhyn-into  threc  distinct  kinds  of  rays  ;  the  calorific ^  or  heating. rays  ;  the 
***   "'        luminous,  or  colorific^  rays,  which  produce  vision  and  colour  ;  the  de- 
eomponng  rays,  or  those  which  have  a  tendency  to  interfere  with  the 
chlsmical  constitution  of  bodies. 
Not  perfeefly     ^^  the  prismatic  spectrum  these  three  sets  of  rays  are  imperfectly 
"e"*priim«tie®^P®™*®^.'  ^^^  arranged  according  to  tlieir  respective  refrasgibilities. 
•pectrum.      The  heating  rays  are  the  least  refrangible,  the  colorific  rays  are  pos- 
sessed of  more  refrangibility,  and  the  decomposing,  or,  as  some  have 
called  them,  the  deoxidizing  rays,  are  the  most  refrangible. 

182.  Sir  H.  Davy  has  observed,  that  certain  metallic  oxides,  when 
exposed  to  the  violet  extremity  of  the  prismatic  spectrum;  undergo  a 
change  similar  to  that  which  would  have  been  produced  by  exposure 
to  a  current  of  hydrogen  ;  and  that,  when  exposed  to  the  red  rays  the  j 
acquire  a  tendency  to  absorb  oxygen,     {Elements  of  Chemical  PkHoMo- 
▲Miocjb«-  P^y-)    In  such  general  facts,  he  traces  an  analogy  between  the  effects 
rrcVof  oil  it  ^^^^^  ^^^  beam,  and  the  agencies  of  electricity.     Tn  the  Voltaic  cir- 
lar  rmj  and     cuit,  the  maximum  of  heat  is  at  the  positive  pole,  where  the  power  of 
iriclt^'  ***®"  combining  with  oxygen  is  also  given  to  bodies  ;  the  agency  of  render- 
ing bodies  inflanunable  is  exerted  at  the  opposite  surfttce  ;  and  similar 
chemical  effects  are  produced  by  negative  electricity,  and  by  the 
most  refrangible  rays ;    and    by  positive   electricity,   and  the    raye 
which  are  least  refrangible. 
7h«TMietrft       ^^^'  '^  ^^  heen  asserted  by  Morichini,  and  the  experiment  is  said 
•f  UietpMr^to  have  succeeded  in  other  hands,  that  the  prismatic  spectrum  is  capa- 
IfTxcSJ?*^*  ble*  of  exciting  the  magnetic  influence,  and  that  a  needle  exposed  to  the 
iiia|p»etic  po-  violet  rays  acquires  polarity :  this  would  point  out  a  further  analogy 
^*^^'  between  the  agencies  of  light  and  electricity.  (136.) 

184.  In  nature  the  influence  of  the  solar  rays  is  very  complex,  and 
FMfMt  ve  t'^^  growth,  colour,  flavour,  and  even  the  forms  of  many  vegetables » 
utirare^uirei  are  much  dependent  upon  them.     This  is  seen  in  many  plants  which 
If  MhS  n^i'  ^^  protected  from  the  sun's  rays :  celery  and  endive  are  thus  cultiva- 
ted with  the  view  of  rendering  them  palatable  ;  and  plants  which  are 
made  to  grow  in  a  room  imperfectly  illuminated,  always  bend  towards 
the  apertures  by  which  the  sun's  rays  enter.     The  changes  too  which 
vegetables  effect  upon  the  circumambient  atmosphere  are  influenced  by 
the  same  cause. 

'  In  the  animal  creation,  brilliancy  of  colour  and  gaudy  plumage  be- 
long to  the  tropical  climates  ;  more  sombrous  tints  distinguish  the  po- 
lar inhabitants  ;  and  dull  colours  characterize  nocturnal  animals,  woA 
those  who  chiefly  abide  below  the  surface. 


Section  IV.     Of  the  Plumomena  exhibited  by  Lufninow  and  Incandes- 
cent Bodies,  and  of  the  Nature  and  Properties  of  Flame. 

185.  There  are  many  substances  which,  when  heated  to  a  certain 
point,  become  luminous  without  undergoing  combustion,  and  such  bo- 
r^nt*E^r   ^^  are  said  to  be  phosphorescent.     The  temperatures  which  they  re- 
quire for  this  purpose  are  various ;  it  generally  commences  at  about 
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400^,  and  may  be  ssud  to  temunate  at  the  lowest  visible  redness.  Some 
rarieties  of  phosphate  of  lime,  of  floor  spar,  of  bituminoas  carbonate 
of  lime,  of  marble,  and  sand,  and  certain  salts,  are  the  most  remarkable 
bodies  of  this  description.  (Wedgwood,  PhiL  Tran$,  Vol.  82.)  Their 
luminous  property  may  be  best  exhibited  by  scattering  them  in  coarse 
powder  upon  an  iron  plate  heated  nearly  to  redness.  Oil,  wax,  sper- 
maceti, and  butter,  when  nearly  boiling,  are  also  luminous. 

186.  Another  class  of  phosphorescent  bodies  have  been  tenned  fo-soUrphospktK 
iar  fhoMpkwri^  from  becoming  luminous  when  removed  into  a  dark"' 

room  after  having  been  exposed  to  the  sunshine.  Of  this  description 
are  Canton's,  Baldwin's,  and  the  Bolognian  phosphorus.  Canton's  ^"||jn*|««»* 
phosphorus  is  prepared  thus : — Calcine  oyster-shells  in  the  open  fire^" 
for  half  an  hour,  then  select  the  whitest  and  largest  pieces  and  mix 
them  with  one  third  their  weight  of  flowers  of  sulphur,  pack  the  mix- 
ture closely  into  a  covered  crucible,  and  heat  it  to  redness  for  an  hour, 
When  the  whole  has  cooled,  select  the  whitest  pieces  for  use.-^FAt^* 
Trail*.  Vol.  68* 

Baldwin's  phosphorus  is  prepared  by  heating  nitrate  of  lime  toaB*Mwia*«>B<i 
dull  red  heat,  so  as  to  form  it  into  a  compact  mass  :  and  the  Bolognian  ^,^^^'^° 
phosphorus,  discovered  by  Vincenzio  Cascariolo,  a  shoemaker  of  Boloe- 
Aa,  is  made  by  reducing  compact  sulphate  of  baryta  to  a  fine  powder, 
which  is  formed  into  cakes  with  mucilage,  and  these  are  heated  to  red- 
ness.— Aikih's  Dictionary,  Art.  Phosphori, 

Mr.  B.  Wilson  has  also  made  a  vanetj  of  curious  experiments  on  so- 
Iar  phosphori ;  and,  he  has  discovered  the  .simplest  and  most  efiiectual  perim»tf!'* 
of  these  bodies,  which  may  be  obtained  by  closely  observing  the  fol- 
Jowing  directions  : — Take  the  most  flaming  coals  off  a  brisk  fire,  and 
throw  in  some  thick  oyster-shells  ;  then  replace  the  coals,  and  calcine 
them  for  an  hour  ;  remove  them  carefully,  and,  when  cold,  it  will  be 
found  that  after  exposing  them  for  a  few  minutes  to  the  light,  they  will 
^ow  in  the  dark  vnth  most  of  the  prismatic  colours.— ^Wilson  on  Phot- 
phori^  p.  20. 

187.  A  third  set  of  bodies,  belonging  to  this  class,  are  those  which 

are  sponianeously  pkosphorcseenU    Such  are  especiaUy,  the  flesh  of  salt- 1^^*^^'"' 
water  fishjust  before  it  putrefies,  and  decayed  wood.     Theg/ow-worm,    "^^ 
and  the  Umtem-Jly^  we  also  luminous  when  alive  ;  and  the  hundred  leg- 
fed  zvorm,  and  some  others,  shine  brilliantly  when  irritated. 

It  appears  from  the  experiments  of  Canton  and  of  Dr.  Huhne,  {Phil, 
Tram.  Vols.  hx.  xc.  and  xcL)  that  sea-Ash  become  luminous  in  about 
twelve  hours  after  death,  that  it  increases  till  putrefaction  is  evident, 
and  that  it  then  decreases.  Immersion  in  sea-water  does  not  aflect 
this  laminous  matter,  on  the  contrary,  the  brine  is  itself  rendered  lu- 
minous ;  but  it  is  extinguished  by  pure  water,  and  by  a  variety  of  sub- 
^tnces  which  act  chemically  upon  the  animal  matter. 

188.  Percussion  and  friction  are  often  attended  by  the  evolution  of ^ight  from 
light  Bs  when  flint  pebbles,  pieces  of  sugar,  and  other  substances,  are  J««'JJJ'0'»«* 
struck  or  rubbed  together. 

189<  From  experiments  in  which  air  has  been  intensely  heated,  it 
has  been  concluded  that  gaseous  matter  is  incapable  of  becoming  lumi-^e'tf  bec*o«' 
nous  i  for,  though  the  temperature  of  air  be  such  as  to  render  solid  bo-  i<Hr  inniooua. 
dies  white  hot,  it  does  not  itself  bec<Hne  visible.    (Wedowooo,  Phil. 
Trass.  1792.)     Flame,  however,  may,  in  general,  be  regarded  as  lu- 
ouDsus  gaseous  matter.    Hydrogen  gas,  probably,  furnishes  the  purest 
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form  of  flame  which  can  be  exhibited ;  for  the  flames  of  bodies  which 
emit  much  light,  derive  that  power  from  solid  matter  which  is  intense- 
ly ignited  and  diffused  through  them, 'and  which,  in  ordinary  flames,  as 
of  gas,  tallow,  wax,  oil,  4^c.,  consists  of  finely  divided  charcoal.     . 

190.  The  intensity  of  the  heat  of  flames  which  are  but  little  lumi- 
nous, as  of  hydrogen  gas,  spirit  of  wine,  4^c.,  may  be  shown  by  intro- 
ducing into  them  some  6!ne  platinum  wire,  which  is  instantly  rendered 
white  hot  in  those  parts  where  the  combustion  is  most  perfect.     It  is 

H  ht  a  a     ^^^^  intensely  ignited  in  the  current  of  air  above  the  flame,  as  may  be 

trmpe^rAuN   showu  by  holdiug  a  piece  of  platinum-wire  over  the  chinmey  of  an 

•f  flame.       Argand  lamp  fed  with  spirit  of  wine  ;  the  high  temperature  of  this 

current  is  also  exhibited  by  the  conunon  expedient  of  lighting  paper  by 

holding  it  in  the  heated  air  which  rushes  out  of  a  common  lamp-glass. 

191.  The  high  temperature  of  flame  is  further  proved  by  certain 
cases  of  combustion  without  flame.  Thus,  if  a  heated  wire  of  plati- 
num be  introduced  into  any  inflammable  or  explosive  mixture,  it  will 
become  ignited^  and  continue  so  till  the  gas  is  consumed  ;  but  inflam- 
maiion  will,  in  most  cases,  only  take  place  when  the  wire  becomes 
white  hot.  This  experiment  is  easily  made  by  pouring  a  small  quan- 
tity of  ether  into  the  bottom  of  a  beer-glass,  and  holding,  a  piece  of 
heated  platinum  wire  a  little  above  its  surface  ;  the  wire  becomes  red 
hot,  but  does  not  inflame  the  vapour  of  the  ether  till  it  acquires  an  in- 
tense white  heat. 

The  same  feet  is  exhibited  by  putting  a 

small  coil  of  platinum  wire  round  the  wick 
puuDun  letre  of  a  Spirit  lamp,  which,  when  heated,  be- 
^*^^'  comes  red  hot,  and  continues  so,  as  long  as 

the  vapour  of  the   spirit   is  supplied,  the 

heat  never  becoming  sufficiently  intease  to 

produce  its  inflammation. 

192.  Such  being  the  nature  of  flame,  it  is 
obvious,  that  if  we  cooL  it  by  any  means,  we 
must  at  the  same  time  txtif^vMh  it.  This 
may  be  effected  by  causing  it  to  pass  dirough 
fine  wire  gauze,  which  is  an  excellent  conductor  and  radiator  of  heat, 
and  consequently  possessed  of  great  cooling  power.  If  a  piece  of 
fine  brass  or  iron  wire-gauze  be  brought  down  upon  the  flame  of  a 
candle,  or  what  answers  better,  upon  an  inflamed  jet  of  coal  gas,  it 
will,  as  it  were,  cut  the  flame  in  half.  That  the  cooled  gaseous  mat- 
ter passes  through,  may  be  shown  by  again  lighting  it  upon  the  upper 
surface. 

193.  The  power,  therefore,  of  a  metallic  tissue  thus  to  extinguish 
flame,  will  depend  upon  the  heat  required  to  produce  the  combustion, 
as  compared  with  that  acquired  by  the  tissue ;  and  the  flame  of  the 
most  inflammable  substances,  and  of  those  that  produce  most  heat  in 
combustion,  will  pass  through  a  metallic  tissue  that  will  interrupt  the 
flame  of  less  inflammable  substances,  or  those  that  produce  little  heat 
in  combustion  ;  so  that  different  flames  will  pass,  through  at  different 
degrees  of  temperature. 

194.  The  discovery  of  titese  facts,  respecting  the  nature  and  pro- 
i^'*  *^*^y  perties  of  flame,  led  Sir  H.  Davy  to  apply  them  to  the  construction 

of  the  Mineral'  safety  lamp,  which  will  be  explained  under  the  article 
Carburetied  hydrogen  gas. 
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195.  The  phaenomena  exhibited  by  phosphorescent  and  incandes*  ^^^^  ^ 
cent  bodies,  and  in  the  process  of  combustion,  have  sometimes  beenueior  p^^ 
explained  upon  the  idea  that  the  light  and  heat  evolyed,  were  pre-f^J^^*^^ 
viously  in  combination  with  the  substances,  and  that  they  are  after- e«aee. 
wards  merely  emitted,  in  consequence  of  decomposition ;  and  that  the 
solar  phosphori  absorb  light  and  again  give  it  out  unchanged.     But  it 
appears  more  probable  that  any  particles  violently  repelled  into  space 
may  become  radiant  matter,  than  that  it  should  consist  of  a  specific 
substmce :  thus,  mechanical  action,  and  chemical  changes,  may  each 
tend  to  the  emission  of  radiant  matter ;  and  incandescence  will  result 
when  the  vibrations  which  heat  occasions  among  the  particles  of  bodies 
are  of  such  violence  as  to  cause  their  repulsion  into  space. 


CHAPTER  111. 


OF  THE   SIMPLE  SUPPORTERS  OF  COMBVSTION. 


196.  The  substances  belonging  to  this  class  are  characterized  by 
possessing  very  energetic  powers  of  combination  in  respect  to  the  sim- 
ple inflammable  bodies,  and  they  are  each  of  them  capable  of  pro- 
ducing acids,  whence  they  may  also  be  termed  acidifying  ipxinci-^f^ 
pies.     When  their  compounds  are  submitted  to  electro-chemical  de- 
composition, these  elements  are  attracted  by  the  positive  surface ;  ^.^^^^  ^^ 
hence  their  natural  or  inherent  electrical  states  may  be  considered  asuvS.       ^ 
negative. 

These  acidifying,  electro-negative  supporters  of  combustion,  are 
three  in  number : 

1.  Oxygen. 
S,         2.  Chlorine. 
3.  Iodine. 

197.  The  foUowing  examples  will  serve  to  give  some  idea  of  t^«  ^^ JSJJit™*" 
principles  of  nomenclature  generaUy  adopted  in  chemistry.  The"* 
above  bodies  in  entering  into  combination  wiUi  each  other,  and  with  the 
bodies  described  in  Chapters  IV  and  V.^  produce  two  classes  of  com- 
pounds. Those  which  are  not  acid,  are  usually  distinguished  by  the 
termination  tie,  as  oxtde  of  chlorine,  oxtdeof  nitrogen,  c^/onc2e  of  sul- 
phur, iodide  of  iron,  4'c. ;  and  where  more  than  one  compound  of  this 
kind  is  produced,  the  terminations  ou$  and  ic  are  used  to  designate  the 
relative  proportions  of  the  supporters  of  combustion.  Thus  nitrogen 
forms  two  oxides ;  that  containing  the  smallest  proportion  of  oxygen  is 
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the  nitrous  oxide,  that  containing  the  largest  the  nitric  oxide.  Th« 
acid  compounds  are  similarly  designated,  as  nitrous  and  nitric  acid ; 
sulphurous  and  sulphuric  acid  ;  and  where  there  are  intermediate  com- 
pounds the  term  hypo  is  occasionally  added  to  the  acid  next  above  it  in 
point  of  oxidizement.  Thus,  hyposulphuric  acid  signifies  an  acid  com- 
pound intermediate  between  the  sulphurous  and  sulphuric  acids ;  hy* 
pophosphorous  acid,  an  acid  containing  less  oxygen  than  the  phospho- 
rous acid. 

The  different  combinations  of  the  metals  with  oxygen,  are  perhaps 
best  distinguished  by  prefixing  to  the  word  oxide  the  first  syllable  of 
the  Greek  ordinal  numerals,  as  originally  proposed  by  Dr.  Thompson. 
Thus  the  protoxide  of  a  metal  will  denote  the  compound  containing  a 
minimum  of  oxygen,  or  the  first  oxide  which  the  metal  is  capable  of 
forming ;  deutoxide  will  denote  the  second  oxide  of  a  metal,  4"^. ;  and 
when  a  metal  is  combined  with  the  lai^gest  possible  quantity  of  oxygen, 
the  compound,  if  not  acid,  may  be  cidled  peroxide.  The  same  rule 
applies  to  the  chlorides  and  iodides. 

The  acids  terminating  in  ous  produce  compounds  in  which  the  ter- 
mination He  is  used  ;  while  those  ending  in  ic  form  compounds  in  which 
the  ending  nte  is  used.  Thus  the  combination  of  sulphurous  acid  and 
potassa,  is  a  sulphite  of  potassa ;  that  of  sulphuric  acid  and  potassa,  a 
sulphate  of  potassa,  ^c. 

When  the  same  acid  combines  with  more  than  one  oxide  of  the  same 
metal,  the  first  syllable  of  the  Greek  ordinal  numeral  is  in  that  case 
applied  to  the  acid  ;  thus,  the  protosulphate  and  persulphate  of  iron  sig- 
nify the  combinations  of  sulphuric  acid  wiih  the  protoxide  and  perox- 
ide of  iron.  The  term  oxysulphate  is  occasionedly  used  to  designate 
the  latter  compound,  and  in  the  same  sense  we  speak  of  oxynitrates^ 
oxyphosphates^  4*^.,  but  the  former  mode  of  designation  is  less  equivo- 
caL 

The  compounds  of  the  simple  inflammable  bodies  described  in 
Chapter  IV.,  with  each  other,  and  with  those  in  Chapter  V.,  are 
commonly  designated  by  the  termination  uret,  as  sulphuret  of  phos- 
phorus, phosphuret  of  carbon,  carburet  of  iron,  ^c. 

The  terms  bi  sulphuret y  bi  sulphate^  bi phosphuret ^  bi  phosphate ^  4*0., 
applied  to  compounds,  imply  that  they  contain  twice  the  quantity  of 
sulphur,  sulphuric  acid,  phosphorus  or  phosphoric  acid,  existing  ia 
the  respective  sulphuret,  sulphate,  phosphuret,  and  phosphate. 


Section  I.    Of  Oxygen, 

198.  This  elementary  gaseous  body  may  be  obtained  by  heating  to 
redness,  in  a  glass  retort,  the  salt  called  chlorate  of  potassa  (546)  100 
grains  of  which  yield  about  100  cubical  inches  ;  it  may  be  collected 
over  water  in  the  hydro-pneumatic  apparatus.  It  is  also  given  off 
from  black  oxide  of  manganese,  red  oxide  of  lead,  and  nitre,  when  ex- 
posed to  a  red  heat. 

199.  Common  glass,  or  earthen-ware  retorts,  are  used  in  these,  and 
a  variety  of  other  chemical  operations ;  or,  where  a  red  heat  is  re- 
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quired,  they  may  be  made  of  wrought  iron,  either  in  the  same  form, 
or  in  that  of  a  bottle,  tube,  or  other  convenient  shape. 

200.  The  hydro-pneumatic  apparatus  consists  of  a  japanned  iron  or 
copper  vessel,  of  different  shape  and  size  according  to  the  particular 
purposes  for  which  it  is  intended,  and  containing  a  shelf  perforated 
with  holes  through  which  the  gas  may  pass  into  inverted  vessels  pro- 
perly placed  for  its  reception.  In  this  wood-cut,  a  is  the  hydro-pneu- 
matic trough ;  b  b,  inverted  glasses  for  the  reception  of  gas ;  c,  a 
wrought  iron  tube  placed  in  a  pan  of  charcoal  for  the  evolution  of 
gases  requiring  a  red  heat ;  d,  a  retort  heated  by  the  spirit  lamp  e.      HyditHpneo- 


201.  For  experiments,  in  which  larger  vessels  are  employed  for  col- 
lecting or  transferring  gases,  the  annexed  form  of  the  apparatus  is  most 
convenient. 


G8 


GAS-BOLDER. 


202.  Vessels  of  various  forms  are  employed  for  receiving,  retaining, 
and  measuring,  gases.  Where  it  is  intended  to  introduce  different 
substances  into  the  gas,  thej  may  be  of  the  form  represented  in  figure 
1,  drawn  into  a  neck  with  a  glass-stopper  at  top,  and  open  at  bottom. 
Some  of  these  should  be  graduated  into  cubic  inches,  and  supplied  with 
a  stop-cock,  as  in  figure  2.  For  measuring  small  quantities  of  gases, 
tubes  are  employed,  some  of  which  should  be  divided  into  100  equal 
parts,  others  into  tenths  and  hundredths  of  a  cubical  inch.  Figures 
3,4. 
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203.  Where  large  quantities  of  gases  are  required  to  be  collected 
and  preserved,  we  emplov  gcLsholders  and  gasometer $.  The  annexed 
m"  pJtvi.^'  cut  represents  Mr.  Pepfk's  improved  gasholder,  made  of  japanned 
iron,  or  what  is  preferable,  of  cop- 
per. It  consists  of  a  body  or  reser- 
voir a,  which  may  hold  from  two  to 
six  or  eight  gallons.  6,  is  a  cistern 
from  which  issue  two  tubes,  supplied 
with  stop-cocks,  one  entering  the  re- 
servoir at  its  upper  part ;  the  other 
continued  as  shown  by  the  dotted 
lines  to  near  the  bottom,  c,  is  a 
short  tube  issuing  from  the  bottom 
of  the  reservoir,  and  capable  of  be- 
ing accurately  closed  by  a  screw. 
dy  is  a  glass  tube  communicating  at 
both  ends  with  the  body  of  the  gas- 
holder. When  it  is  intended  to  fill 
this  apparatus  with  gas,  the  tube  c  is 
closed,  and  the  stopcocks,  e  /,  are 
opened  ;  water  is  then  poured  into 
the  cistem,  which  running  down  the 
long  tube  «,  forces  the  air  out  through  the  shorter  one/.  The  reser- 
voir being  thus  filled,  the  stop-cocks  are  closed,  and  the  aperture  c, 
is  opened,  into  which  the  beak  of  the  retort,  or  tube,  whence  the  gas 
issues,  is  introduced,  and  bubbling  up,  displaces  the  water  which  runs 
out  at  the  same  opening.  When  it  is  seen  in  the  tube  if,  that  nearly 
the  whole  of  the  water  is  displaced,  the  aperture  is  closed,  and  the 
vessel  is  now  filled  with  gas,  which  may  ieither  be  drawn  off  into  re- 
ceivers, placed  in  the  cistem  6,  by  opening  the  two  stop-cocks  ef;  or 
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bj  closing  the  stop-cock/,  and  opening  g,  it  may  be  propelled  into 
bladders,  or  transferred  in  any  convenient  way  by  an  attached  tube. 

A  view  and  section  of  the  ga$ometer  are  shown  in  the  following 
■ketches  : 


ii<4 


w 


It  may  be  made  of  japanned  iron  or  copper,  a  a,  is  the  oater  circu- 
lar vessel,  or  pai),  to  the  sides  of  which  the  tabes,  d  e,  (each  fitted  with 
a  stop-cock  externally)  are  soldered.  The  tube  d  penetrates  at  the 
bottom  of  the  pail,  and  proceeds  to  the  centre,  where  it  joins  the  tube 
e,  which  enters  the  top  of  the  pail  and  proceeds  downwards  ;  and  from 
tbe  place  of  junction,  the  upright  tube  g  rises  through  the  middle  of  the 
pail  a  little  above  the  level  of  its  upper  rim.  The  vessel  6  is  a  cylinder 
open  only  at  the  bottom,  and  of  less  diameter  than  the  pail  into  which 
it  is  inverted,  and  can  move  up  and  down  freely.  This  cylinder  has  a 
solid  stem  c,  which  passes  through  a  hole  in  the  cross  bar  of  the  frame 
fixed  to  the  top  of  the  pail ;  it  serves  to  steady  the  cylinder,  and  to  in- 
dicate the  quantity  of  the  enclosed  gas  :  the  weight  of  the  cylinder  is 
counterpoised  in  any  conrenient  way. 

To  use  this  gasometer,  first  let  the  cylinder  fall  to  the  bottom  of  the 
pail,  and  fill  the  latter  with  water  ;  then  shut  the  cock  e,  and  open  d, 
and  connect  with  it  the  tube  which  conveys  the  gas  from  the  retort  or 
other  vessel ;  or  if  more  convenient,  shut  d,  and  convey  the  gas 
through  e.  The  gas  rises  and  gradually  lifls  up  the  cylinder,  which 
B\ist  be  properly  balanced  ;  and  when  sufficiently  filled,  the  cock,  by 


70  cMLomirc. 

which  it  entered,  must  be  closed.     The  gas  may  now  be  drawn  off  at 

either  of  the  stop-cocks,  by  a  tube  passing  into  the  water-trough,  or  it 

may  be  propelled  through  a  blow-pipe,  or  otherwise  employed. 

Fropertiet  of      *^^*   *^^JSI^^  g^8  is  insipid,  colourless,  and  inodorous  ;  its  specific 

njgtn  fu   gravity  is  1 6  hydrogen  being  assumed  =  1 .     1 00  cubical  inches  at  mean 

temperature  and  pressure  weigh  33.88  grains. 
8<ip|iertB  Ks-       205.     It  is  a  powerful  supporter  of  respiration  and  combustion.     A 
fintioa.        small  animal,  confined  in  oxygen  gas,  lives  thrice  as  long  as  when  confi- 
ned in  the  same  bulk  of  common  air.     A  lighted  taper,  or  a  burning 
piece  of  sulphur,  or  phosphorus,  introduced  into  this  gas,  is  very  ra- 
pidly consumed,  with  intense  ignition. 
st«iii*iid«a  of     206.  The  phenomena  of  combustion  were  referred  by  Stahl  and  his 
eoabwtioa.    associates,  to  a  peculiar  principle  which  they  called  phlogiMton  ;  it  was 
supposed  to  exist  in  all  combustibles,  and  combustion  was  said  to  de- 
pend upon  its  separation  ;  but  this  explanation  was  absurdly  at  yariance 
with  the  well-known  fiict,  that  bodies  during  combustion  increase  ia 
weight. 

^er  the  discovery  of  oxygen  gas,  it  was  adojpted  by  Lavoisier  ag  the 
2227*'^^  universal  supporter  of  combustion.  The  basis  of  the  gas  was  sup- 
posed to  unite  to  the  combustible,  and  the  heat  and  light  which  it  be- 
fore contained  in  the  gaseous  state,  were  said  to  be  evolved  in  the  form 
of  flame.  But  in  this  case,  several  requisites  are  not  fulfilled ;  the 
light  depends  upon  the  combustible,  and  not  upon  the  quantity  of 
oxygen  consumed  ;  and  there  are  very  numerous  instances  of  combus- 
tion in  which  oxygen,  instead  of  being  solidified,  becomes  gaseous 
during  the  operation ;  and,  lastly,  in  others,  no  oxygen  whatever  is 

present.     Combustion,  therefore,  cannot  be  regarded  as  dependent 

!l^'a  ^th  ^^^^  ^y  pecuhar  principle  or  form  of  matter,  but  must  be  consider- 
the  electric*)  ed  as  a  general  result  of  intense  chemical  action.  It  may  be  connec- 
eMqpeiof  bo-tg^  with  the  electrical  energies  of  bodies ;  for  all  bodies  which  power- 
fully act  upon  each  other,  are  in  the  opposite  electrical  states  of  posi- 
tive and  negative ;  and  the  evolution  of  heat  and  light  may  depend 
upon  the  annihilation  of  these  opposite  states,  which  happens  when- 
ever they  combine. 


Section  II.     Of  Chlorine. 

207.  To  obtain  this  gas,  a  mixture  of  black  oxide  of  manganese 
and  muriatic  acid  may  be  heated  over  a  lamp  in  a  g^ass  retort    It  is 


•  At  flie  BuaaSc  gravities  and  atoms  o£  the  simple  gates  seem  to  be  eqaimnltiples  of  each 
other  and  as  Thomson  for  rerj  &ir  reasons  has  assumed  the  atom  of  oxyren  as  unity  at  w«U 

at  its  specific  era^ity  in  his  late         "     '  ~  **       '^  "  *       "     ''^  

him  in  order  uso  to  point 


j  be  wppoecd  as' ,  , , 

as  examination  nas  gone,  are  individoally  eqoamultiplws  of  the  atom  of  hydracen— for  the 

Srpose  therefore  of  commencing  at  a  proper  place,  to  exempHfv  this  law,  we  shall  here  state 
i  atom  of  hydrogen  «  0.136  (&at  ofoxygen  bemg  » l),  and  refer  to  sect  335  for  the  cal- 
culation.— 
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800D  copiously  eToWed,  and  may  be  conveniently  collected  over  warmveikoa  of  a- 
water ;  it  is  absorbed  by  cold  water,  and  cannot  tberefore  be  long  re-^"«  •"^ 
daed  over  that  fluid. 

It  may  also  be  procured  from  a  mixture  of  8  parts  of  common  salt, 
3  of  bh^k  oxide  of  manganese,  4  of  water,  and  6  of  sulphuric  acid. 

208.  Chlorine  was  discovered  by  Scheele  in  1774;  it  was  called  Tin*  of  4if 
by  him  dephlogtMiicated  muriatic  acid.  The  term  oxymuriatie  add^^'^'^ 
was  afterwards  applied  to  it  by  the  French  chemists. 

209.  Chlorine  is  a  permanently  elastic  gaseous  fluid ;  it  has  a  pun- 
gent and  disagireeable  smell,  and  is  highly  injurious  when  respired,  1^,'***^*' 
even  largely  diluted  with  atmospheric  air.     Itf  colour  is  greenish  yel- 
low. 

210.  When  dry,  it  suffers  no  change  by  exposure  to  the  most  in- 
tense cold,  but  in  its  ordinary  state  it  contains  aqueous  vapour,  which, 
at  a  temperature  of  32<»,  is  deposited  in  the  form  of  a  white  crystal- 
line coutpound,  which  effervesces,  and  is  again  taken  up  by  the  gas, 
upon  the  application  of  heat. 

211.  Chlorine  is  not  altered  by  exposure  to  very  high  temperatures,  u^,.^  j. 
By  means  of  the  following  apparatus,  Sir  IL  Davy  exposed  it  to  thehifh  i 
continued  action  of  charcoal  intensely  ignited  by  Voltaic  electricity,^**^' 
without  the  smallest  change  in  its  properties. 


A  glass  globe  of  about  four  inches'  diameter,  has  at 
ks  upper  part  a  sliding  wire  passing  air-tight  through 
a  groundcollar,  to  the  lower  end  of  which  is  attach- 
ed a  piece  of  weU-bumed  charcoal  :  at  the  bottom 
18  a  stop-cock  supporting  a  brass  pincers,  in  which  is 
another  pointed  piece  of  charcoal ;  the  globe  is  ex- 
hausted upon  the  air-pump,  filled  with  chlorine,  and 
the  stop-cock  and  shding  wire  attached  to  the  extre- 
mities of  the  Voltaic  apparatus  ;  the  charcoal  points 
are  then  brought  into  contact  by  pushing  down  the 
upper  wire,  and  they  are  thus  retained  as  long  as  ne- 
cessary in  intense  ignition. 

*212.  The  specific  gravity  of  chlorine,  compared  with  hydrogen,  is  spMiicfrafi- 
a9  36  to  1  ;  100  cubic  inches  weigh  76.25  grains.  ^' 

213.     At  the  temperature  of  60®,  water  dissolves  two  volumes  of 
cUorine.     The  solution  is  of  a  pale  yellow  colour,  has  an  astringent  ^J'^j^^ 
nauseous  taste,  and  destroys  vegetable  colours  :  hence  its  use  in  bleach-  bicMbti«. 
ing ;  though  the  gas  itself,  when  perfectiy  free  from  moisture,  has 
scarcely  any  action  upon  them, 

214.  When  a  burning  taper  is  immersed  in  a  jar  of  chlorine,  the 
brilliancy  of  the  flame  is  much  impaired,  it  becomes  red,  throws  off 
much  charcoal,  and  is  soon  extinguished. 

Many  bodies  such  as  phosphorus  and  several  of  the  metals,  are  union  witk 
spontaneously  ignited  by  chlorine,  and  bum  in  it  with  much  brilliancy.  coabiatibiM. 
In  these  cases  binary  compounds  result,  some  of  which,  like  those  of 


•  Sp.  gr.  of  chkmae  2.25  or  just  ffths  of  1  (the  standard  osjsen.) 
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oxygen,  are  possessed  of  acid  properties. :  others  are  not  acid  :  and 
such  compoands  with  oxygen  being  called  oxideiy  those  which  chlorine 
forms  may  be  termed  chlor%de$. 

215.  Chlorine  was  once  regarded  as  composed  of  oxygen  and  mnri- 
ndlnd  M^^'atic  acid  ;  a  fallacy  arising  from  the  presence  of  water,  and  which  will 
•anpowMi.     |)e  rendered  more  intelligible  under  the  head  Muriatic  Acid, 

216.  Chlorine  and  oxygen  unite  in  three  proportions,  forming  an  ox- 
ide and  two  acids. 

217.  Oxide  of  Chlorine^  or  Euchlorine^  so  called  by  its  discoverer. 
Sir  H.  Dayy  [PhU,  Tram.  1815,)  from  its  very  deep  colour,  may  be 

Union  of  chio.  obtained  as  follows  :  Upon  10  or  12  grains  of  chloratt  of  pota$sa^  drop 
nM  wi  0x7-  ^  gmnii  quantity  of  sulphuric  acid,  and  stir  the  mixture  with  a  platinum 
knife,  having  so  adjusted  the  relative  quantities  of  salt  and  acid  that 
they  may  form  together  a  yellow  powder.  Put  this  into  a  very  small 
retort  or  bent  tube,  and  by  means  of  a  water-bath,  apply  a  tempera- 
ture of  150^.  Oxide  of  chlorine  will  pass  off,  and  may  be  collected 
over  quicksilver  in  small  jars  or  tubes. 

218.  Those  gases  which  are  absorbed  by  water,  may,  in  most  instan- 
ces, be  collected  over  mercury.     The  best  form  of  the  Mercurio  pneu- 

Vercnui  «p-fiuittc  opparatiM,  is  that  contrived  by  Mr.  Newman,  {Quarterly  Journal, 
JJ5J25^'j»  Vol.  i.  p.  185.)  It  is  a  trough  of  cast-iron,  supported  by  brass  or  iron 
-»-  legs,  and  having  a  small  gasometer  at  one  end.     It  is  placed  in  a  ja- 

panned iron-tray  to  collect  the  scattered  mercury,  as  shown  in  tiie 
wood-cut. 


IODINE. 


219.  Oxide  of  chlorine  has  an  odour  somewhat  resembling  that  ofp^^^^^of 
chlorine,  but  much  less  irritating  and  disagreeable.     Its  taste  is  as- »xt<i«  of  cUo- 
triogent,  and  not  at  all  acid.     It  dissolves  in  water,  forming  a  lemon-  '"^' 
yellow  solution. 

220.  When  oxide  of  chlorine  is  gently  heated,  it  is  decomposed  ^^^^  ^^^^^^ 
with  explosion  and  expansion  :  two  volumes  are  enlarged  into  three,  udeeenpaiea 
of  which  two  consist  of  oxygen,  and  one  of  cldorine  ;  it  is  therefore  *J^**PjJ2iJl 
composed  (of  36  parts  by  weight  of  chlorine,  combined  with  32  ofMmptfitioa. 
oxygen)*. 

221.  Chloric  acid.     In  the  substance  which  has  been  thus  called  by  conation  of 
its  discoverer  M.  Gay-Lussac  (Annales  de  Chimie,  torn  xci.  p.  108,) '»"**»*•*'*• 
thet  (relative  proportions  of  chlorine  to  oxygen  are  to  each  other  as 

36.  to  40.)  But  it  is  a  compound  which  cannot  exist,  independent  of 
water  or  some  base,  and,  therefore,  may  be  compared  to  the  iulpkuric 
and  some  other  acids,  afterwards  to  be  described. 

Chloric   acid  may  be  prepared  by  passing  a  current  of  chlorine 
through  a  mixture  of  oxide  of  silver  and  water.     Chloride  of  silver  is  p^^p^tion. 
produced,  which  is  insoluble,  and   may  be*  separated  by  filtration. 
The  excess  of  chlorine,  which  the  filtered  liquor  contuns,  is  separable 
by  heat,  and  the  chloric  acid  dissolved  in  water  remains.     It  is  a  sour,, 
colourless  liquid,  producing  peculiar  compounds,  afterwards  to  be  de-  Propexti««. 
scribed.     It  forms  no  precipitate  in  any  metallic  solution.     The  com- 
pounds may  be  called  chlorates.     The  most  remarkable  of  them  have 
been  long  known  under  the  name  of  Oxymuriaies. 

222.  Perchloric  or  oxychloric  acid^  is  procured  by  distilling  oxychlo"  p^  ^^idon 
rate  of  potassa  (647)  with  its  own  weight  of  sulphuric  acid.     It  con-  ua  compou- 
sists  of  (36.  chlorine  +  56.  oxygen.)     It  does  not  exist  independent ric"i2a5!'*"'*" 
of  water,  er  a  base,  and  has  been  but  imperfectly  examined. 

The  proper  terms  for  the  above  acids  of  chlorine  would  be  Chlorous 
and  CUoric  acids,  the  former  producing  Chlorites  and  thft  latter  Chlo' 
raiS. 


Section  III.    Cf  Iodine. 

223.  Iodine  is  procured  fry  the  following  process :  Lixiviate  P<>w-proc«Mfofob- 
dered  kelp  with  cold  water.    Evaporate  the  lixivium  till  a  pellicle  taininsiodiM. 
fonns,  and  set  aside  to  crystallize.     Evaporate  the  mother  liquor  to 
dryness,  and  pour  upon  the  mass  half  its  weight  of  sulphuric  acid. 
Apply  a  gentle  heat  to  this  mixture  in  the  flask  a  of  the  a/em6tc  shown 
in  the  annexed  figure,  of  which  6  is  the  head  or  capital,  having  a  tube 

*  Hie  gat)  originally  called  Euehhrine  hj  Sir  H.  Dar^,  appears  to  be  a  mixture  of  chlo- 
rine with  Ike  oompoond  above  described,  and  not  a  definite  compound  of  two  volumes  ot 
cUorine  and  one  vc^uroe  of  oxygen.  Should  it,  however,  upon  more  accurate  inquiry,  prove 
a  deftute  combination,  it  might  be  termed  ehlanma  oxide,  and  th«  above  compound  would 
then  be  chi&rie  oxide. 

t  We  have  befiore  remarbed  that  the  8p.  er.  of  chlorine  f  oxygen  being  1)  is  =2.25,  if  we 
alia  take  the  atom  of  oxygen  =&  1,  then  to  find  the  atom  of  chlorine  we  have  only  to  double 
the  spediic  ^rarity,  vh.  1.25  X  2  ^  4.5,  the  same  ag^educed  above,  from  the  proportional 
weights  of  coBttitnenls:  Moreover  the  atom  of  hydrogen  being  already  stated,  ==  0.125  the 
■torn  of  chlorine  is  evidently  36  times  as  great  or  ss  4^,  L  «.  the  atoms  of  these  2  gases  are 
u  dUMr  specific  gravity.    (Sec.  212.) 

L 
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issuing  from  it,  and  descending  into  the  receiver  c.    Fumes  of  a  Tiolet 


Propeitief. 


CAmbiafttion 
withos/fu 


lo^c  add. 


colour  arise  and  condense  in  the  form  of  opaque  crystals,  having  a  me- 
tallic lustre,  which  are  to  be  washed  out  of  the  head  of  the  dembic 
with  a  small  quantity  of  water,  and  quickly  dried  upon  bibulous  paper. 

Iodine  may  likewise  be  obtained  from  soap-makers'  black  ash  by  a 
similar  process ;  instead  of  evaporating  the  mother  liquor  to  dryness, 
the  quantity  of  iodine  is  sometimes  greater  when  it  is  merely  concen- 
trated, mixed  with  excess  of  sulphuric  acid,  boiled,  and  filtered  :  the 
liquid  is  then  mixed  with  its  weight  of  powdered  black  oxide  of  man- 
ganese, and  heated  in  an  alembic,  or  flask  with  a  tube  attached  to  its 
neck,  when  the  iodine  sublimes  as  before. 

This  body  was  discovered  in  1812,  by  M,  Courtois,  of  Paris.  Vau- 
quelin  ULnnMes  de  Chimie,  tom.  xc.,)  Gay-Lussac  {ib,  xc.,)  and  Davy 
[Phil.  Trans.  1814,)  have  fully  investigated  its  properties. 

Iodine  has  a  bluish  black  colour ;  its  lustre  is  metallic.  It  is  a 
nonconductor  of  electricity.  It  is  soft  and  friable.  *Its  specific  gravity 
:=x  4.946.  It  produces  a  yellow  stain  upon  the  skin.  Its  smell  resem- 
bles that>of  diluted  chlorine  ;  its  taste  is  acrid.  It  is  extremely  vola- 
tile, and,  at  a  temperature  between  60*  and  SO^*,  produces  a  violet 
vapour.  At  120®  or  ISO*  it  rises  more  rapidly.  At  220®  it  fuses,  and 
produces  copious  violet-coloured  fumes,  which  condense  in  brilliant 
plates,  and  acute  octoedrons.  Like  chlorine  and  oxygen,  it  is  electro- 
negative ;  and  therefore  attracted  by  the  positive  surface  of  the  Voltaic 
pile.  It  renders  vegetable  colours  yellow.  It  is  very  sparin^y  solu- 
ble in  water,  that  liquid  not  holding  more  than  -^-/jrs  ^^  weight  in  solu- 
tion. The  colour  of  tho  solution  is  yellow.  It  is  much  more  soluble 
in  spirit  of  wine,  and  in  ether. 

224.  Iodine  combines  with  oxygen  and  with  chlorine,  and  gives  rise 
to  two  acid  compounds  which  have  been  called  lodic^  or  Oxiodic,  and 
Odoriodic  acid. 

Iodic  acid  (Davy,  Phil.  Trans.  1815.)  This  compound  of  oxygen 
and  iodine  cannot  be  obtained  directly,  for  those  bodies  exert  no  mu- 
tual action.     It  is  procured  by  acting  upon  oxide  of  chlorine  by  iodine. 


*  The  ipecific  g^vithr  of  Iodine  vt^pour  is  to  that  of  Hydrogen,  as  125 : 1  and  this  X  bj  the 
atom  of  hjdrOgen  (0,1&)  gives  Uie  atom  of  iodine  thus  125  X  0, 125  s  15.625  atosn  Iodine- 
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For  this  purpose  the  iodine  may  be  introduced  into  a  small  flask,  and 
the  oxide  of  chlorine  disengaged  upon  it,  from  a  proper  mixture  of 
chlorate  of  potassa  and  sulphuric  acid  with  the  precautions  above  point- 
ed out  (217,)  or  100  grains  of  chlorate  of  potassa  may  be  introduced llJi^^j]^ 
into  a  small  retort,  with  400  grains  of  liquid  muriatic  acid  of  the  sp.  gr.  1 .  *^'^ 
1 .  105 :  annex  to  the  retort  a  small  globular  receiver,  having  a  bent  tube 
issuing  from  it,  and  passing  to  the  bottom  of  a  small  flask,  containing 
about  50  grains  of  iodine  ;  carefully  apply  the  heat  of  a  hunp  to  the 
retort,  by  which  oxide  of  chlorine  will  be  disengaged,  and  which  will 
be  decomposed  and  absorbed  by  the  iodine.     A  compound  is  then 
formed,  which  consists  of  chloriodic  and  oxiodic  acids.     The  former  is 
separable  by  a  gentle  heat,  the  latter  remains  as  a  white,  semitranspa-  compoBitioo. 
rent,  sour,  and  inodorous  body,  very  soluble  in  water.     It  consists  of 
125  iodine,  40  oxygen.)* 

225.  Qdortodic  acid  is  easily  obtained  by  the  direct  action  of  chlo-  chioriodie  »> 
rine  upon  iodine.     They  unite  and  form  crystals  of  a  deep  orange  ^*^' 
colour,  deliquescent,  and  easily  fusible  and  soluble.     The  solution  is 
sour.      This  compound  contains  (125  iodine,   36  chlorine. — Davy,  ^•'"p*"*^"' 
Bha.  Trans.  1814. 

It  appears  probable  from  the  experiments  of  M.  Gay-Lussac,  that 
another  chloride  of  iodine  exists,  in  which  2  proportionals  of  iodine  ' 

are  united  to  1  of  chlorine ;  but  these  compounds  have  not  yet  been 
examined  with  sufficient -precision,  to  enable  us  to  speak  certainly 
upon  their  composition. 


CHAPTER  IV. 

or    SIMPLE   ACIDIFIABLE   AND   INFLAMMABLE    SUBSTANCES. 

226.  The  bodies  belonging  to  this  class  are  electro-positive,  and  Eieetm-poii- 
consequently ,  when  separated  from  their  combinations  with  the  sub*  ^^*' 
stances  described  in  the  last  chapter,  by  Voltaic  electricity,  they  are 
attracted  by  the  negative  surface.  With  very  few  exceptions,  they 
combine  with  the  three  supporters  of  combustion,  already  described, 
and  of  these  compounds,  one  or  more  are  acids.  They  are  six  in 
number: 

1.  Hydrogen. 

2.  Nitrogen. 

3.  Sulphur. 

4.  Phosphorus. 
6.  Carbon. 

6.  Boron. 


Section  I.     Hydrogen. 
227.  Htdrogen  was  first  duly  examined  by  Mr,  Cavendish  {Phil. 

•  Tlie  specific  gravity  of  iodine  Tapoar,  as  deduced  from  hydriodic  acid,  (oxygea  bcinj  1) 
=  7.8125,  near  by  and  its  atom  is  nist  double  or  15.625,  (the  atom  also,  of  oxygen  baing  1) 
'   0.125  (atom  hydrogen)  X  w5  «  15,625  (atom  Iodine.) 
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Mrin  *  h'dJi.  ''**^"**  ^^^  •  ^^'  • )     '  ^  "*^y  ^^  obtained  by  the 

cunnf  y  "^^^,^^,1  of  iron  OF  ziiic  upon  dilute  sulphuric 
acid.  Some  pieces  of  iron-wire,  or  of  zinc, 
may  be  introduced  into  the  flask  a,  and  co- 
vered with  sulphuric  acid  diluted  with  six 
times  its  bulk  of  water.  The  gas  escapes 
by  the  bent  tube  b,  which  is  inserted  by 
grinding  into  the  neck  of  the  flask,  and  may 
be  collected  in  the  hydro-pneumatic  ap- 
paratus. 

Hydrogen  is  an  aeriform  fluid,  not  absorbable  by  water.     It  has  no 

Character  ana  taste,  a  slightly  disagreeable  smell,  and  may  be  respired  for  a  short 

PnpertiM     ^j^j^^  though  it  is  instantly  fatal  to  small  animals.     It  is  the  lightest 

body  known  ;  and  we  therefore  conveniently  assume  il  as  unity  in 

speaking  of  the  specific  gravity  of  gases,  as  well  as  in  referring  to  the 

VTtighu        proportions  in  which  bodies  combine.     100  cubic  inches  weigh  at 

mean  temperature  and  pressure  2.118  grains.     Its  specific  gravity  ii 

0.0694,  when  common  air  is  taken  as  1.00,  and  0.0625  when  oxygen  is 

=  1.00*. 

228.  Hydrogen  is  inflammable,  and  extinguishes  flame.  When 
pure,  it  burns  quietly  with  a  lambent  blue  flame  at  the  surface  in  con- 
tact with  air ;  but,  if  mixed  with  thrice  its  volume  of  air,  it  bums  ra- 
pidly, and  with  detonation.  In  making  this  experiment,  a  strong 
phial,  capable  of  holding  about  6  ounces  of  water,  may  be  employed ; 
or  the  inflammable  air-pistoly  which  admits  of  the  \mixture  being  fired 
by  the  electric  spark, 
loflunmbie  air  This  instrument  consists  of  a  cylinder  of  brass,  about  three-fourths 
piitoi.  ^^  g^  -jj^Ij  diameter,  and  six  inches  long,  in  the  form  of  a  small  can- 

non or  pistol-barrel,  properly  mounted,  and  having  a  wire,  a,  passing 
through  a  tube  of  ivory,  6,  and  not  quite  touching  the  interior  of  the 


cylinder,  at  the  part  usually  occupied  by  the  touch-hole  ;  an  electric 
spark  communicated  to  this  wire  inflames  the  mixture  of  hydrogen  and 
atmospheric  air  in  its  interior.  It  may  be  chained  by  previously  fil- 
ling it  with  dry  sand,  and  emptying  it  out  into  a  phial  of  hydrogen, 
which  rises  into  the  gun  sufliclently  mixed  with  air  ;  the  muzzle  may 
be  secured  by  a  cork,  which  is  expelled  with  much  violence  and  a  loud 
report,  upon  the  inflammation  of  the  gas. 

229.  The  electrical  air-gun,  may  be  also  charged,  by  holding  it  for 
a  moment  over  the  open  jet  of  the  following  instrument  always  taking 
care  that  there  is  a  due  admixture  of  atmospheric  air,  otherwise  the 
electric  spark  will  not  inflame  it. 

•  Wc  hav#»  seon  thai  the  specific  f.Tavit>  of  h^d^r>e'en  is  ©.OfiiS  whrn  that  of  oxvgfen  is  taken 
=  1.00  now  0,0625  is  just  16  tinwi.  a?  small  as  I,(K)  (or  a0«2o  X  16  ==  1,  apsin  to  find  the 
atom  of  h}  drof^ea  the  atom  of  oxygen  b^-ing  a  pound  =  1,  we  have  only  to  dw^le  the  specific 
gravitjr  0.0625 1  e.  0.0625X2— 0.123  atom  h>drogtn.   (Se..  2J6.) 
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a  is  a  funnel  shaped  vessel,  fitting  by  a 
ground-joint  into  the  three-necked  bottle 
b ;  to  the  stopper  c  is  annexed  a  brass 
wire,  with  a  cylinder  of  zinc  screwed 
upon  its  lower  end  ;  d  is  a  tube  furnished 
with  a  stopcock  and  jet-pipe  ;  the  capaci- 
ty of  the  vessel  a  should  be  nearly  equi- 
valent to  that  of  by  and  may  contain  3  or  4 
pints.  To  charge  this  apparatus  with  hy- 
drogen, b  is  three  fourths  filled  with  water, 
aod  the  stopper  c  being  removed,  a  quan- 
tity of  sulphuric  acid,  previously  diluted 
with  its  bulk  of  water,  is  poured  in  by  a 
long  funnel,  so  that  it  may  remain  at  the 

bottom  of  the  water  which  mow  fills  the  vessel.  The  stopper  c,  with 
its  appended  piece  of  zinc,  is  then  put  in,  and  the  generated  hydrogen 
forces  the  dilute  acid  into  a,  where  its  pressure  serves  to  propel  the 
gas  through  d  whenever  the  stop-cock  is  opened ;  the  acid,  at  the 
same  time  descending,  produces  a  fresh  portion  of  hydrogen  by  again 
acting  upon  the  zinc.  This  instrument  is  useful  where  small  quanti- 
ties of  hydrogen  are  required  for  burning,  charging  air-guns,  and 
other  purposes. 

230.  If  2  volumes  of  hydrogen  and  1  of  oxygen  be  burned  in  the 
phial  or  air  gun,  the  explosion  is  extremely  violent. 

231.  A  current  of  hydrogen  may  be  inflamed  when 
issuing  from  a  small  aperture,  and  if  a  tube  of  18  or  20 
inches  in  length  be  held  over  the  flame,  a  peculiar  mu- 
sical tone  is  produced.  This  effect  is  not  peculiar  to 
hydrogen,  but  is  produced  by  a  variety  of  other  flames 
(Faraday,  Journal  of  Science  and  the  Aris^  Vol.  v.)  and 
is  referable  to  the  succession  of  explosions  produced  by 
the  combustion  of  the  gas  in  the  tube. 

232.  The  tendency  which  gaseous  fluids  have  to  be- 
come completely  mixed  under  all  circumstances,  and  as 
it  were  to  penetrate  each  other,  is  well  illustrated  where 
hydrogen  is  employed.  Thus,  if  two  small  phials,  the 
one  containing  oxygen  and  the  other  hydrogen,  be  con- 
nected perpendicularly  by  a  long  glass  tube,  of  small  bore, 
it  will  be  found,  that  although  the  hydrogen  be  upper- 
Ukost,  and  much  lighter  than  the  oxygen,  it  will,  in  the 
coarse  of  a  few  hours,  have  perfectly  mixed  with  the 
oxygen,  and  the  gases  will  be  found  in  equal  proportions 
in  both  phials.  Mr.  Dalton  has  shown  that  gases,  unlike 
other  fluids,  do  not  remain  upon  each  other  without  ad- 
mixture.— Manchester  Memoirs ,  Vol.  i.  New  Series. 

233.  Hydrogen,  in  consequence  of  its  extreme  light- 
ness, is  employed  for  filling  air-bulloons,  and  is  elegantly 
apphed  to  the  purpose  of  obtaining  instantaneous  light  in 
Volta's  inflammable  air-lamp. 

234.  The  flame  of  hydrogen  is  occasionally  employed  for  exciting  in- 
tense heat ;  and  it  has  been  found,  when  mixed  with  oxygen  and  burn- J^^  m^ViJIT 
ed  as  the  mixture  issues  from  a  small  jet,  to  excite  a  temperature  nearly  pip«* 
equal  to  that  of  the  arc  of  flame  in  the  Voltaic  circuit.    A  blow-pipe  upon 

this  construction  was  first  made  by  Mr.  Newman,  at  the  suggestion  of  Mr. 


Ifyitea]  tOMt 
6mttg  the 
eooibiMtieB  of 


Ouet  have  ft 

Sowerfnl  teo- 
en 
tofetl 


denejr  to  mix 
:ethe] 


WATER. 


Untoo  with 
•xjgta  ght. 


Compontiim 
•f  water. 


Brooks,  and  afterwards  improved,  as  to  its  safety,  by  Professor^ 
ming,  of  Cambridge. — Journal  of  Science  and  the  Arts,  i.  65  and  ii.  380. 

235.  Hydrogen  and  oxygen. — When  two  volumes  of  hydrogen  gas 
are  mixed  with  one  volume  of  oxygen  gas,  and  the  mixture  inflamed  in 
a  proper  apparatus  by  the  electric  spark,  the  gases  totally  disappear, 
and  the  interior  of  the  vessel  is  covered  with  drops  of  pure  water, 
equal  in  weight  to  that  of  the  gases  consumed. 

If  pure  water  be  exposed  to  the  action  of  Voltaic  electricity,  it  is 
resolved  into  two  volumes  of  hydrogen,  disengaged  at  the  negative  pole, 
and  one  volume  of  oxygen,  disengaged  at  the  positive  pole ;  so  that 
water  is  thus  proved  by  synthesis,  and  by  analysis,  to  consist  of  two 
volumes  of  hydrogen,  combined  with  one  volume  of  oxygen.  The 
specific  gravity  of  hydrogen  compared  with  oxygen,  is  as  1  to  16,  there- 
fore the  component  parts  of  water  by  weight  are, 
1     Hydrogen, 

8  Oxygen. 

9  Representative  number  of  water. 


or  thus. 


So  that  100  parts  of  water  consist  of 
88.89  Oxygen. 

T00;00  "^^^"Sen. 

236.  The  experiments  illustrating  the  composition  of  water,  may 
be  divided  into  synthetic,  and  analytic.  Among  these  the  following 
may  be  selected : 

i.  Bum  a  current  of  hydrogen  under  the  funnel  a,  represented  in 
the  following  wood-cut ;  by  uniting  with  the  oxygen  of  the  atmosphere 
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1^  ^,  prodace  aqaeoua  vapour,  which  passing  into  the  glass  cylinder, 
b,  will  condense  in  drops.  * 

ii.  The  annexed  woodcut  represents  an  apparatus  for  showing  the 
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production  of  water  hy  burning  a  current  of  hydrogen  in  an  atmos- 
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Jer^jM^Md'P'*®'^®  ®^  oxygen,  a  i^  a  glass  cylinder,  which  after  having  been  cx- 
foRDs  water,  hausted  upoD  an  air-pump,  is  filled  with  pui^  oxygen,  b  is  a  receiver 
of  hydrogen  immersed  in  the  vessel  of  water  c,  by  which  the  gas  is 
compressed,  so  as  to  be  urged  through  the  capillary  opening  f,  when 
the  stop-cocks  d  d  are  open,  e  is  a  platinum  wire  by  which  the  gas 
may  be  inflamed  by  an  electric  spark.  It  boms  with  the  production 
of  intense  heat,  and  water  is  soon  collected  in  drops  upon  the  interior 
of  the  cylinder. 

iii.  If  two  measures  of  pure  hydrogen  be  mixed 
The  mbitare  with  ono  of  pure  oxygen,  and  detonated  in  the  gra- 
eipiodet.  duated  glass  tube  o,  standing  over  water,  by  an  elec- 
tric spark  passed  through  the  platinum  wires  b  6, 
the  gases  will  entirely  disappear.  If  there  be  any 
excess  of  either  of  the  gases»  the  portion  in  excess 
will  remain  unconsumed. 

iv.  the  same  experiment  may  be  thus  varied,  a  is 
very  strong  and  thick  glass  vessel  provided  with 
a  glass  stop-cock  E  and  with  a  ground  stopper  firmly 
secured  by  the  wire  c,  through  which  the  platinum 
wires  d  d  pass.  The  vessel  a  being  exhausted  of 
air,  is  placed  upon  the  bell-glass  b,  in  4he  pneumatic . 
trough,  containing  a  mixture  of  pure  oxygen  and  hy- 
drogen in  the  above  mentioned  proportions  (235). 
Upon  opening  the  stop-cock,  e,  a  quantity  of  the 
mixed  gases  passes  into  a,  where,  after  having  care- 
fully closed  the  stop-cock,  it  may  be  inflamed  by  an  electric  spark 
passed  through  the  platinum  wires.    At  the  instant  of  the  detonation  a 


A 


vivid  flame  pervades  the  upper  vessel,  and  it  becomes  lined  with  moi»- 
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lure.     If  the  stop-cock  be  again  opened  a  fresh  portion  of  the  mixed 
gases  enters,  and  may  be  inflamed  as  before. 

237.  Water  may  be  decomposed  or  resolved  into  its  elements  by  aAoaifusof 
variety  of  processes,  the  most  important  of  which  are  the  following  :  ^»*«'*>y  *»• 

i.  a  is  a  glass  retort,  into  which  is  introduced  a  given  weight  of 
water  ;  b  b  a  small  furnace  through  which  passes  the  earthen  tube  c  c, 
which  terminates  in  the  spiral  pewter  tube  d  <2,  immersed  in  water. 
A  given  weight  of  pure  iron  wire,  coiled  up,  is  introduced  into  the  tube 
c, and  the  whole  made  red  hot  ;  the  water  in  a  is. then  made  to  boil, 
and  the  vapour,  on  coming  into  contact  with  the  red-hot  iron,  is  in 
part  decomposed  ;  the  oxygen  is  retained  bj  the  iron,  and  the  hydro- 
gen escaping  through  the  tube/,  may  be  collected  as  usual.  Any  de- 
composed portion  of  water  is  condensed  in  the  worm-pipe  dy  and  drops 
into  the  vessel  e.  After  this  experiment  the  iron  will  be  found  to 
have  increased  in  weight ;  and  if  attention  be  paid  to  the  quantity  of 
water  which  has  collected  in  e,  and  to  the  weight  of  the  hydrogen  gas 
evolved,  it  will  be  found  that  the  weight  gained  by  the  iron,  added  to 
that  of  the  hydrogen,  will  be  equal  to  the  weight  of  the  water  which 
has  disappeared  Lavoisier  concluded,  from  an  experiment  thus 
conducted,  that  water  consisted  of  Zbper  cent,  by  weight  of  oxygen,  and 
16  by  weight  of  hydrogen  •,  that  is,  that  for  every  15  grains  of  hydro- 
gen evolved,  85  grains  of  oxygen  were  condensed  by  the  iron. 


ii.  Decomposition  by  Voltaic  electricity  (137)  best  illustrates' the  By  Voif«ie 
composition  of  water,  since  it  exhibits  both  the  oxygen  and  hydrogen  «»~*^«»y- 
in  ihe  gaseous  form.    The  woodcut  overleaf  represents  a  section  of 
an  apparatus  for  this  purpose.    It  is  a  g^ass  vessel  containing  water, 
having  two  wires  of  platinum,  a  a,  passing  through  its  bottom :  over 
these  arc  inverted  the  tubes  b  6,  also  filled  with  water.     The  wires 
are  rendered  positive  and  negative  by  connexion  with  a  moderately- 
powerfol  Voltaic  apparatus.    Oxygen  is  evolved  at  the  positive  wire, 
and  hydrogen  at  the  negative  wire,  which  gases  rise  into  the  tubes,  and 
it  ii  Been  that  one  volume  of  oi^gen,  o,  and  two  volumes  of  hydrogen, 
h,  are  the  constant  results.     If  these  gases  be  mixed  and  detonated, 
pure  water  is  again  formed. 
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258.  Water,  in  its  ordinary  state,  such  as  ipring  and  river  wetter^  is 
always  so  far  contaminated  with  foreign  substances'  as  to  be  unfit  for 
many  chemical  purposes,  and  frequently,  as  will  be  more  fully  shown 
hereafter,  even  for  domestic  use.  Rain'Tvater  is  much  more  pure,  hot 
it  always  contains  a  portion  of  carbonic  acid  and  of  the  elements  of  at- 
mospheric air,  besides  appreciable  traces  of  vegetable  or  animal  mat- 
ter ;  to  the  latter  it  owes  its  property  of  becoming  putrid  when  kept 
The  distinction  of  water  into  hard  and  soft  has  reference  to  its  leas  or 
greater  purity.  The  impurities  of  water  are  separated  by  distillation, 
which  process  is  usually  conducted  upon  the  lai^e  scale  in  a  copper 
boiler,  a,  placed  either  in  a  portable  furnace,  or  set  in  brickwork,  ac- 
cording to  its  dimensions,  to  which  is  annexed  a  head,  6,  of  the  same 
material,  or  of  pewter  connected  with  the  pewter  worm  c,  which  is 
immersed  in  the  9orm-(«i6,  or  refrigerator,  a,  its  lower  end  passing  out 
at  e.  The  water  in  this  vessel  must  always  be  retained  of  a  low  tem- 
perature to  effect  the  condensation  of  the  vapour  in  the  spiral  tube. 
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DutiUtd  water ^  as  commonly  prepared,  always  affords  minute  traces 
of  foreign  matter,  especially  when  subjected  to  Voltaic  decomposition, 
and  can  only  be  considered  as  perfectly  pure  when  re-distilled  at  a 
low  temperature  in  silver  vessels. 

239.  Pure  water  is  transparent,  and  without  either  colour,  taste,  or  Propertict 
smell.     In  consequence  of  the  facility  of  obtaining  it  pure,  it  is  assum-  standard  of 
ed  as  a  standard  to  which  the  relative  weight  of  adl  other  bodies  may  tpeeific  snvi- 
be  compared,  its  specific  gravity  being  called  =  1.000,  and  hence  the^^' 
importance  of  estimating  its  weight  with  precision.     At  the  tempera- 
ture of  40^  it  is  at  its  maximum  of  density,  and  at  that  temperature  an 
En^sh  cubic  foot  weighs  437102.4946  grains  (Thomson's  System^ 

Vol.  ii.  p.  12.)  or  999.0914161  ounces  avoirdupois,  and  a  cubic  inch 
252.963  grains. 

240.  At  the  temperature  of  32^  water  congeals  into  ice,  which,  if 
slowly  formed,  produces  needles  crossing  each  other  at  angles  of  60^ 
and  120**.  The  specific  gravity  of  ice  is  €.94.  Exposed  to  the  air, 
ice  loses  considerably  in  weight  by  evaporation. 

241.  If  water  be  exposed  to  heat  in  open  vessels  it  boils,  or  is  con- 
verted into  steam,  at  212^,  the  barometer  being  at  30  inches ;  but  the  ^^.^       .^^ 
boiling  point  of  water  varies  considerably  with  the  pressure  (83.)      *"*  ***" 
The  specific  gravity  of  air  being  considered  as  ==  1 ;  that  of  steam  is 
0.6235.     At  mean  pressure,  and  at  the  temperature  of  212<^,  the  bulk 

of  steam  is  1 700  times  greater  than  that  of  water. 

242.  Water  is  susceptible  of  compression,  as  was  originally  shown  .^^^ 
by  Canton,  and  more  lately  by  Mr.  Perkins,  who  has  estiitiated,  in  an  ^P"**' 
ingenious  series  of  experiments,  the  rate  of  its  compression  (Phil. 

Trans.  1820.)  If  submitted  to  very  sudden  compression,  water  be- 
comes luminous,  as  has  been  shown  by  M.  Desaignes. — Trehard, 
TraiU  de  Ckimie,  i.  432. 

243.  Water  enters  into  combination  with  a  variety  of  substances, 
and  is  retained  with  various  degrees  of  force  :  where  it  contributes  to 
the  regular  form  and  transparency  of  crystallized  bodies,  it  is  termed 
water  of  crystallization  (12.)  In  other  cases  the  compounds  which 
water  forms  with  substances  are  called  hydrates^  as  with  many  of  the 
metallic  oxides  (520)  ;  in  both  cases  it  may  be  considered  as  one  of 
the  constituents  of  the  bodies^  for  it  exbts  in  them  in  a  definite  pro- 
portion. 

244.  Water,  which  has  been  exposed  to  the  atmosphere,  always 
contains  a  portion  of  air,  as  may  be  proved  by  boiling  it,  or  by  expos- 
ing it  under  the  exhausted 'receiver  of  the  air-pump.  To  separate 
the  air,  the  water  must  be  boiled  for  about  two  hours.  It  absorbs  oxy- 
gen gas  in  preference  to  atmospheric  air  or  nitrogen,  and  when  the 
air  is  expelled  by  boiling,  tlfe  last  portions  contain  more  oxygen  than 
those  first  given  ofi*. — ^Humboldt  and  Gay-Lussac,  Journal  de  Physi- 
9««,  1805. 

245.  M.  Thenard  has  shown  that  water  maybe  united  to  a  conside- ^^^j^,  ^  ^j, 
rable  excess  of  oxygen  by  means  of  peroxide  of  barium.     (^Quarterly  txctuot  ozr 
Journal,  Vol.  viii.  p.  1 14.)     The  specific  gravity  of  oxygenated  water  «f"' 
is  about  1.45.     It  acts  as  a  caustic  upon  the  skin ;  detonates  violently 
when  dropped  upon  dry  oxide  of  silver,  or  upon  most  of  the  metals 
finely  divided.     This  singular  compound  may  be  termed  peroxide  of 
hydrogen :   its  properties,  and  the  process  for  obtaining  it,  which  is 
complex  and  circuitous,  have  been  fully  detailed  by  its  discoverer,  and 
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will  b€  adverted  to  under  the  article  Peroxide  of  Barium,  Vol.  ii.. 
Section  5.  Par.  630. 

246.  The  following  table  exhibits  the  quantity  of  different  gases 
which  water  is  capable  of  absorbing  at  mean  temperature  and  pressure, 
the  water  being  previously  deprived  of  all  aeriform  matter  by  long 
boiling. 
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247.  As  hydrogen  is  the  lightest  known  substance,  it  is  assumed  in 
this  work  as  unity ^  in  reference  to  the  representative  numbers  of  other 
bodies.  The  principle  of  numeric  representation,  or  of  equivalent  or 
proportional  numbers,  has  already  been  adverted  to  (50),  and  the  fol- 
lowing will  be  the  representative  numbers  of  the  bodies  described  in 
the  foregoing  chapter,  the  number  for  oxygen  being  deduced  from  the 
composition  of  water  f235),  and  of  chlorine  and  iodine  from  the  muri- 
atic (248)  and  hydriodic  acids  (269). 
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248.  Hydrogen  and  Chlorine, — ^When  equal  volumes  of  these  gafte«Miiri»tictcia. 
are  mixed  and  exposed  to  light,  they  combine,  and  produce  a  sour  com« 
pound  commonly  called  muriatic  acid  g<u  ;  or,  in  conformity  to  more 
modem  nomenclature,  hydrochloric  acid  gas.  If  the  above  mixture  be 
exposed  to  the  direct  solar  rays,  a  detonation  ensues,  as  was  first  remark- 
ed by  M.  M.  6ay-Lu8sac  and  Thenard.  (Recherckes  Physico-Chymi' 
([Mi^  ii.  129.)  It  abo  detonates  when  exposed  to  the  light  of  the  Vol- 
taic discharge,  showing  a  curious  analogy  between  electric  and  solar 
light ;  for  ordinary  artificial  light  does  not  accelerate  the  combination. 
Brands,  P^tZ.  Trans.  1820. 

The  best  mode  of  showing  the  composition  of  muriatic  acid,  is  to  in- 
troduce into  a  small  but  strong  glass  vessel  a  mixture  of  the  two  gases, 
and  to  inflame  them  by  the  electric  spark ;  no  change  of  volume  ensues, 
and  muriatic  gas  results.  The  apparatus  shown  at  page  334,  may  be 
used  for  this  purpose. 

249.  Muriatic  acid  may  be  decomposed  by  the  action  of  several  of  the 
metals.     Potassium,  for  instance,  absorbs  the  chlorine,  and  the  hydro- mi^/feorV 
gen  is  evolved  ;  muriatic  acid  gas  thus  affords  half  its  volume  of  hydro- J^*>*«""« 
g^D.    As  the  specific  gravity  of  hydrogen  to  chlorine  is  as  one  to  36.0,*"  ' 
muriatic  acid  wiU  consist  of  1  hydrogen  +  36.0  chlorine,  and  its  repre- 
tentative  number  will  be  37.0. 


1 

Chlorine. 
36.0 

Muriatic  Acid. 
37.0 


250.  Muriatic  acid  may  be  readily  procured  by  acting  upon  com- 
mon salt  by  sulphuric  acid ;  the  evolved  gas  must  be  received  over  me  r- 
cary.    It  was  first  obtained  pure  by  Dr.  Priestley,  but  its  composition 
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was  discovered  by  Scheele,  and  has  since  been  most  ably  investigated 
by  Davy. 

261 .  Muriatic  acid  gas  extinguishes  flame.  Its  specific  gravity,  com- 
pared with  hydrogen,  is  =  18.6 ;  100  cubic  inches  =  39,162  grains.* 

262.  Muriatic  acid  gas  is  greedily  absorbed  by  water,  which  takes 
up  480  times  its  bulk,  and  has  its  specific  gravity  increased  from  1  to 
1.210. 

263.  For  satura^ting  water  with  gases  which  are  easily  soluble  in 
that  fluid,  we  generally  employ  WoulfeU  apparatusy  one  form  of  which 
is  shown  in  the  anhexed  cut.  a,  is  a  tubulated  retort  in  which  the 
materials,  producing  the  gas  or  vapour,  are  contained ;  6,  a  receiver 
communicating  by  a  bent  tube  with  the  three-necked  bottle  c,  which  is 
connected  also  by  a  tube  with  d.  These  bottles  are  about  half  filled 
with  water,  or  any  other  fluid  intended  to  be  saturated  with  the  gas  ; 
when  that  in  c  has  become  saturated,  it  passes  into  d,  and  afterwards 
through  the  tube  «,  which  may  be  placed  under  the  water,  or  mercury, 
in  the  pneumatic  trough.  In  case  absorption  should  take  place  in  the 
vessels  a  or  6,  the  pressure  of  the  external  air  might  force  the  water 
from  d  into  c,  and  from  c  into  the1>alloon  6.  This  is  prevented  by  the 
safety  tubes  //^  which  dipping  not  more  than  half  an  inch  under  th6 
surface  of  tte  water,  allow  a  little  air  to  enter,  so  as  to  compensate  for 
the  absorption.  The  different  joints  may  be  secured  either  by  grind- 
ing, or  by  well-cut  corks  rendered  tight  by  a  mixture  of  drying  oil  and 
pipe-clay. 
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264.  When  muriatic  acid  is  thus  dissolved  in  water,  it  forms  the  ^t- 
quid  muriatic  acid  or  tpirit  of  so/t,  and  may  easily  be  procured  by  dis- 
tilling a  mixture  of  dilute  sulphuric  acid  and  common  salt,  as  directed  in 
the  London  PharmacopiBia.  The  most  economical  proportions  are  32 
parts  of  salt,  and  22  of  sulphuric  acid,  diluted  with  one  third  its  weight 
of  water.  The  retort  containing  these  ingredients  may  be  luted  on  to 
a  receiver,  containing  twice  the  quantity  of  water  used  in  diluting  the 
sulphuric  acid,  and  the  distillation  carried  on  in  a  sand-bath. 

266.  When  this  Uquid  acid  is  pure  it  is  perfectly  colourless,  but  it 
generally  has  a  yellow  hue  arising  from  a  httle  iron.  When  heated, 
the  gaseous  acid  is  evolved. 


*  When  the  npecific  gnTitjjr  of  oxygea  =1,  &at  of  muriatic  acid  gas  will  be  1.156 ;  now  to 
find  the  atom  or  mnriatic  acid,  we  Ittve  only  to  multiply  its  specific  gravity  by  4,  i  e.  1.156 
X  4^=4.625  the  atom  of  muriatic  acid,  (when  that  of  oxygen  is  takens=l),  again  the  atom  of 
muriatic  acid  h  37  times  as  great  as  that  of  hydrogen,  for  0.125X37=334.625. 
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266.  The  following  Table  shows  the  quantity  of  real  acid  contained 
ii  100  parts  of  liquid  acid  of  different  specific  gravities. — Davy's  EU- 
nufUh  p.  263. 

Table  diowiDg  the  Quantity  of  real  Acid  in  Liquid  Muriatic  Acid  of  different  Specific  Gnn- 
ties.    (Temperature  45^  Fahr.  Barometer  30.) 
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Specific 
Gravity. 

100  Graiaa  contain  of 
Muriatic  Acid  Gat. 

Specific 
Gravity. 

too  Graios  coataia  of 
MuriaUc  Acia  Gat. 

1.21 

42.43 

1.10 

20.20 

1.30 

40.80 

1.09 

18.18 

1.19 

38.38 

1.08 

16.16 

1.18 

36.36 

1.07 

14.14 

1.17 

34  34 

1.06 

12.12 

1.16 

32.33 
30.30 

1.05 

10.10 

1.16 

1.04 

8.08 

1.14 

28.28 

1.03 

6.06 

1  13 

26.26 

1.02 

4.04 

1.12 

24.34 

1.01 

2.02 

1.11 

32.30 

257.  Hydrogen  and  Iodine  exert  a  slow  action  under  ordinary  cir-  Hy  Wodie 
cumstances  ;  but  when  iodine  is  presented  to  nascent  hydrogen,  they  »cid. 
readily  unite,  and  produce  a  gaseous  acid,  the  hydriodic  add.  It  is 
prepared  by  the  action  of  moist  iodine  upon  phosphorus,  and  must  be 
received  over  mercury ;  which,  however,  soon  acts  upon  and  decom- 
poses it,  so  that  it  should  be  transferred  as  speedily  as  possible  into  an 
exhausted  vessel.  In  procuring  it,  it  is  convenient  to  use  a  small  re- 
tort or  bent  tube,  into  the  bulb  of  which  is  introduced  the  iodine,  and 
a  small  stick  of  phosphorus  placed  in  the  neck  above  it,  which  can  be 
shaken  down  upon  the  iodine  when  the  beak  of  the  tube  or  retort  is 
placed  under  the  inverted  jar ;  a  quantity  of  the  gas  is  instantly  and 
violently  generated,  and  a  further  portion  is  obtained  on  applying  the 
flame  of  a  spirit  lamp. 

258.  Hydriodic  acid  is  colourless,  very  sour,  and  smelb  like  muri- 
atic acid*.  Its  specific  gravity  to  hydrogen  is  as  63.00  to  1.  100 
cubic  inches  =  133.4  grains. 

259.  Hydriodic  gas  is  rapidly  absorbed  by  water.  The  solution,  ex- 
posed to  a  temperature  below  260^,  becomes  concentrated  by  loss  of 
water ;  at  about  260^  it  boils,  and  may  be  distilled.     The  specific 


*  Thftm  concluAGos  are  obtained  from  the  fact,  Aat,  hydriodic  acid  ia  composed  of  equal 
vohnes  of  hydrogen  and  iodine  vapour.  The  tpee^  graoiiy  of  hydriodic  add  is  3.^75 
(or  faeinr  •«1),  now  four  times  this  b15.75  the  atom  of  this  acid--agaia  15.75  is  just  IfS 

iet0,12-  •  ---  -^-  -• 


125  the  atom  of  hydrogen,  (that  of  oxysca  being  »1). 
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gravity  of  the  strongest  liquid  acid  is  1.7.  It  becomes  dark  coloured 
when  kept,  in  consequence  of  a  partial  decomposition,  and  it  readilj 
dissolves  iodine,  becoming  of  a  deep  brown  colour. 

The  liquid  hydriodic  acid  is  best  prepared  by  passing  sulphuretted 
hydrogen  through  a  mixture  of  iodine  and  water ;  sulphur  is  deposit- 
ed, and  on  heating  and  filtering  the  liquor,  a  pure  solution  of  hydriodic 
acid  is  obtained,  which  may  be  concentrated  by  evaporation. 

260.  That  hydriodic  acid  gas  consists  of  equal  volumes  of  hydrogen 
and  vapour  of  iodine  is  shown  by  the  action  of  mercury,  which  by  ab- 
sorbing the  iodine,  evolves  half  a  volume  of  hydrogen  from  one  of  the 
gas. 

It  is  instantly  decomposed  by  chlorine,  which  produces  muriatic 
acid  and  the  blue  vapour  of  iodine  is  rendered  evident.  These  gases 
often  take  fire  on  mixture. 

It  consists  of .......  .    1.56    hydrogen,    0.248  (nearly  2  atoms) 

Hydriodic  acid i^lll  iodine,       16.626  (1  atom) 

It  is  to  be  noted  that  Thomson  in  his  system  of  chemistry  g^ves  the 
composition  of  this  acid  from  the  same  data, 

Iodine 8.6B04     16.625  (1  atom) 


a 


Hydrogen 0.0694      0.126  (1  atom) 


Srction  II.    J>fiirogen* 

lUw  obtain-  261.  This  was  first  recognised  as  a  distinct  aeriibrm  fluid,  by  Dr. 
Rutherford  in  1772.  (Thesis,  De  aere  Mephittco.)  It  may  be  obtain- 
ed by  heating  phosphorus  in  a  confined  portion  of  dry  atmospheric  air, 
which  consists  •f  nitrogen  and  oxygen  ;  the  phosphorus  absorbs  the 
latter,  and  the  former  gas  remains.  After  repeated  washing,  it  may  be 
considered  as  pore.  It  may  also  be  obtained  by  the  action  of  moist 
sulphnret  of  iron  upon  atmospheric  air. 

262.  100  cubic  inches  of  nitrogen  weigh  29.626  grains  ;  so  that  its 
specific  gravity,  compared  with  hydrogen,  is  as  14*  to  1.  It  is  tasteless, 
inodorous,  and  insoluble  in  water.  It  does  not  support  combustion  and 
is  fatal  to  animals  ;  hence  was  called  azote.  It  is  not  inflamn^able ;  but 
when  its  compounds  are  submitted  to  Voltaic  decomposition,  it  is  attract- 
ed by  the  negative  pole. 

263.  At^rogeti  and  Oxygen, — These  bodies  unite  in  four  proportions^ 
and  form  the  compounds  called, 

1.  Nitrous  oxide. 

2.  Nitric  oxide. 

3.  Nitrous  acid. 

4.  Nitric  acid. 

*  Wheo  t^  tptdfic  graviiy  of  oiygen  is  taken  as  the  staodard,  or  ^^,  that  of  nitro^eD 
will  be  0.875,  or  ^  of  1 ;  again  when  the  atom  of  oxygen  is  made  1,  or  die  standard  dien 
trice  the  specific  grarity  of  nitrogen  will  be  its  relative  atom,  thus,  0G75X2ssI.75O  atom  of 
nitrogen. 
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264.  Protoxide  of  Mttrogenj  or  fiitrofu  Oxide^  may  be  obtained  by  if^i^^^^j^^, 
heating  in  a  ^ass  retort  over  an  Argand  lamp,  tiie  salt  called  nitrate 
pfcmmoma^  to  a  temperature  of  about  420^.  The  gas  which  passes 
off  may  be  collected  over  warm  water,  and  is  nitroue  oxide.*  160  cabic 
inches  weigh  46.674  grains  ;  its  specific  gravity >  therefore,  to  hydrogen 
is  as  22  to  1. 

The  taste  of  this  gas  is  sweet,  and  its  smell  peculiar,  bat  agreeable. 

It  is  easily  absorbed  by  water,  which  takes  up  about  its  own  bttlk, 
and  evolves  it  unchanged  when  heated^ 

Its  singular  effects,  resembling  intoidcation,  when  respired,  were 
first  ascertained  by  Sir  H.  Davy.  {Retearches  Chemical  and  Pkifoeo* 
p^o/,  ch%e/ly  concerning  Nitrous  Oxide,  London,  1800.)  The  ex- 
periment of  breathing  this  gas,  however,  cannot  be  made  with  impu- 
nity, especially  by  those  who  are  liable  to  a  determination  of  blood  to 
the  head. 

265.  Nitrous  oxide  supports  combustion,  and  a  taper  introduced  into 
it  has  its  flame  much  augmented  and  surrounded  by  a  purplish  halo* 
Phosphorus  and  sulphur,  when  introduced  in  a  state  of  vivid  ignition 
into  this  gas,  are  capable  of  decomposing  it,  and  bum  with  the  same 
appearance  nearly  as  in  oxygen ;  but,  if  wlien  put  into  the  gas,  they  are 
merely  burning  ^^ly,  they  then  do  not  decompose  it  and  are  extin- 
guished, so  that  they  may  be  melted  in  the  gas,  or  even  touched  with  a 
red  hot  wire  without  inflaming.  Charcoal,  and  many  of  the  metals, 
also  decompose  nitrous  oxide  at  high  temperatotes. 

266.  At  a  red  heat  this  gas  is  decomposed  and  converted  mto  nitro* 
gen  and  nitric  oxide,  undergoing  at  the  same  time  an  increase  of  bulk. 
For  experimeats  of  this  kind  the  following  simple  apparatus  may  be 
ased:  It  consists  of  two  bladders,  one  of  which  is  filled  with  the  gas, 
and  the  other  empty  attached  to  the  extremities  of  a  porcelain  tube 
which  traverses  the  body  of  a  furnace.  The  bladders  are  supplied 
with  stop-cocks,  and  the  gas  is  squeezed  from  one  to  the  other  when 
the  tube  is  red  hot 


,r"mrO 


261.  The  best  analysis  of  this  gas  is  effected  by  detonation  with  hy-  AniJyt^of  a^- 
drogea ;  one  volume  of  nitrous  oxide  requires  one  volume  of  hydrogen,  tmai  oiia«. 
Thn  nuxture  fired  by  the  electric  spark,  produces  water,  and  one  vo- 
lume of  nitrogen  remains.  Now,  as  one  volume  of  hydrogen  takes  half 
a  volume  of  oxygen  to  form  water,  nitrous  oxide  must  consist  of  two 
vohuaes  of  nitrogen  and  one  volume  of  oxygen  \  these  three  volumes 
beii^  so  condensed  in  consequence  of  chemical  union,  as  only  to  fill  the 

'^  f 

•^n^notvUtogto,  when  OKj^en  ia  the  standaid  h»il8ip«Hficgr«vity«»1^75;  diis    1 
■*mliedlgr«giTe»i75«n'flteXtomQf  nitrogen  , 

wvi78ttjut«timM0.1S5(UN«iomoflvdioseD,fOTl&esa^  : 

N 


90 
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space  of  two  voliunefl.    The  specific  gravity  of  nitrogen  compared  with 
oxygen,  is  as  14  to  16 ;  nitrous  oxide,  therefore,  consists  of 

14  Nitrogen 
8  Oxygen 

Numher  for  nitrous  oxide,  =  22 


Nitrogen 
14 

8 

268.  M'itfic  ooctde^  detUoxide  of  nitrogen,  or  nitrous  gas,  is  usually 
obtained  by  presenting  certain  substances  to  nitric  acid,  which  abstract 
a  portion  of  its  oxygen,  leaving  the  remaining  elements  in  such  pro- 
portions as  to  constitute  the  gas  in  question ;  for  this  purpose  some 
copper  filings  may  be  put  into  a  gas  bottle  (227)  with  nitric  acid,  dilu* 
ted  with  thrice  its  bulk  of  water ;  an  action  ensues  red  fumes  are  pro- 
duced, and  there  is  a  copious  evolution  of  the  gas,  which  may  be  col- 
lected and  preserved  over  water.  The  first  portions  should  be  rejec- 
ted as  containing  nitrogen  and  nitrous  acid  gas.  Nitric  oxide  is  pre- 
sently recognised  by  the  red  fumes  which  it  produces  when  brought 
into  the  contact  of  air. 

*  Its  speci&c  gravity  to  hydrogen  is  as  15  to  1.  100  cubic  inches 
weigh  31.755  grains.  When  it  has  been  washed  with  water  it  is  not 
acid^  as  may  be  proved  by  the  colour  of  litmus  remaining  unchanged 
by  it.  It  extinguishes  most  burning  bodies,  but  phosphorus  readily 
bums  in  it,  if  introduced  in  intense  ignition. 

269.  It  is  not  altered  by  a  red  heat,  nor  does  it  detonate  when  mix- 
ed with  hydrogen,  and  subjected  to  the  electric  spark  ;  but  it  may  be 
decomposed  by  the  action  of  some  of  the  metals  at  high  temperatures, 
which  absorb  its  oxygen.  One  volume  of  nitric  oxide  is  thus  resolv- 
ed into  equal  volumes  of  oxygen  and  nitrogen.  If,  therefore,  we 
call  nitrous  oxide  a  compound  of  1  proportional  of  nitrogen  +  1  oxy- 
gen, then  nitric  oxide  may  be  considered  as  consisting  of  1  nitrogen+ 
2  oxygen,  or  by  weight,  14  nitrogen  +  16  oxygen,  and  its  symbol  will 
stand  thus : 


f^tngen 
14 

Oi^ 

8 

Nitric  Oxide 
90 


270.  A  piece  of  glowing  charcoal  plunged  into  nitric  oxide  gas  is 
presently  extinguished,  but  if  it  be  passed  through  a  porcelain  tube 
containing  red-hot  charcoal,  nitrogen  and  carbonic  acid  and  oxide  are 
produced. 


*  Wfaeo  the  specific  gnvilT  of  oxjgai«*l,  the  dentos.  mtrogeo  «i4).9375— dib  nraltiplied 
by  4  gives  3. 76  for  its  stom,  (vtom  fit  oxynn  beii«:  s  l>-fiutiier  3.75  is  jiiflt  90  times,  12& 
(tbeatonofhydragen.)  /o        -*       / 
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271.  Kitric  Oxide  and  ChlorinSy  when  both  arc  perfectly  dry, 
exert  do  mutaal  Action,  but  the  presence  of  water  caases  an  immediate 
change ;  it  is  decomposed,  and,  furnishing  oxygen  to  the  nitric  oxide, 
and  hydrogen  to  the  chlorine,  nitrous  acid  and  muriatic  acid  gases  are 
^nerated.  It  was  the  presence  of  water  which  misled  those,  who 
thought  that  the  red  fumes  produced  by  mixit^  nitric  oxide  and 
chlorine  not  carefully  dried,  resulted  from  the  existence  of  oxygen  in 
chlorine. 

272.  Gay-Lussac  has  concluded  from  his  experiments  that  there 
exists  a  compound  of  nitrogen  and  oxygen  intermediate  between  nitric 
oxide  and  nitrous  acid,  which  he  has  termed  ^er-ni^rous  acti,  but  to 
which  the  term  hyponitrous  acid  is  more  appkcable.  He  considers  it 
as  a  compound  of  1  proportional  of  nitrogen,  and  3  of  oxygen ;  but 
the  existence  of  such  a  compound  can  scarcely  be  considered  as  ac- 
corately  demoiKBtrated. 

273.  Niirou$  Acid  Goi. — ^When  nitric  oxide  is  presented  to  oxygen, 
the  twQ  gases  combine,  and  a  new  gaseous  compound  of  a  deep  orange 
colour  results.  This  compound  is  not  easily  examined,  because  it  is 
absorbed  both  by  quicksilver  and  water,  so  that  we  are  obliged  to  re-  . 
sort  to  exhausted  glass  vessels  for  its  production.  When  we  thus  mix 
two  Yolames  of  nitric  oxide  witii  one  volume  of  oxygen,  the  gases  be« 
come  condensed  to  about  half  their  original  volume,  and  form  p,itrau$ 
acid  gas. 

T£'s  gas  supports  the  combustion  of  the  taper,  of  phosphorus,  and 
of  charcoal,  but  extinguishes  sulphur.  It  is  readily  absorbed  by  water 
forming  a  green  sour  liquid.  Its  specific  gravity  to  hydrogen  is  as  23 
to  1,  and  100  cubic  inches  weigh  48.69  grains.* 

274.  It  is  obvious  that  this  nitrous  acid  gas  must  consist  of  14  nitro- 
gen-f  32  oinrgen,  and  therefore,  its  number  is  46  ;  for  nitric  oxide  is 
composed  of  equal  volumes  of  nitrogen  and  oxygen,  and  one  addition^ 
volume  of  oxygen,  or  two  proportionals  by  weight  are  added  to  form 
nitrous  acid. 


NitFOgen 
14 

Oxjgen 
8 

8 

8 

8 

>  3 


in 


276.  If  tha  mixture  of  nitric  oxide  and  oxygen  be  made  over  water, 
the  above  proportions,  and  if  the  gases  be  perfectly  pure,  complete 


»  Swsafc  gravity  of  oxygen  being  =tl;  that  of  nitPoat  acid  gw  will  be  2.875,  that  multi- 
iM^Twm  give  6.75  for  the  atom  when  that  of  oxygen  si,  alio,  5,75  is  jnit  46  times 
(VUS  (the  alon  of  bjirogen.) 
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abflorptioii  takes  place ;  but  if  either  the.oxygen  or  nitric  oxide  con- 
t»in  uncombined  nitr6|^n  it  will  remain  unabsorbed.  . 

276.  Mine  jlctd.— The  fourth  compound  of  nitrogen  with  oxygen 
18  the  nitric  acid  ;  the  nature  of  which  was  first  demonstrated  by  Mr. 
CaVfindish  in  1 785.  {PhiL  Trans.)  It  is  usually  obtained  by  the  distilla- 
tion of  purified  nitre  with  sulphuric  acid,  of  which  materials  different 
proportions  are  employed.  The  nitric  acid  of  commerce,  which  is  ge- 
nerally red  and  iuming  in  consequence  of  the  presence  of  nitric  oxide, 
is  procured  by  the  distillation  of  two  parts  of  nitre  with  one  of  sul- 
D^uric  acid  ;  these  proportions  afford  about  one  part  of  orange«co- 
loured  nitric  acid  of  the  specific  gravity  of  1.48.  Upon  the  large  scale 
112  lbs.  of  nitre,  and  56  of  sulphuric  acid  yield  from  50  to  52  lbs.  of 
nitric  acid.  Some  manufacturers  employ  three  parts  of  nitre  and  two 
of  sulphuric  acid,  and  the  London  PharmacopcBia  directs  equal  weights, 
by  which  a  nearly  colourless  nitric  acid  is  afforded. 

It  will  appear  by  referring  to  the  article  Sulphuric  Acid^  that  it  con- 
tains in  its  liquid  state  one  proportional  of  dry  acid,  and  one  of  water  ; 
whtereas  liquid  nitric  acid  contains  one  proportional  of  dry  add,  and 
two  of  water  ;  hence  the  requisite  excess  of  sulphuric  acid,  where  co- 
lourless and  perfect  nitric  acid  is  to  be  obtained  ;  hence  too  the  red 
colour  of  the  acid  of  coomierce  in  consequence  of  the  smaller  quanti- 
ty of  sulphuric  acid  generally  used  by  the  manu&cturer.  This  will 
be  more  apparent  by  reference  to  the  article  Bi-sulphaie  of  Poiassa, 

The  distillation  of  nitric  acid  may  be  conducted  upon  the  small  scale 
in  a  tubulated  ^ass  retort  a,  with  a  tubulated  receiver  6,  passing  into 
the  bottle  c.  The  requisite  heat  is  obtained  by  the  lan^>  i,  and  the 
whole  apparatus  supported  by  the  brass  stands  wifh  sliding  rings  «  c. 


1^ 


But  the  manu&cturer  who  prepares  nitric  acid  upon  a  laige  scale, 

attrovMii.  'generally  employs  distillatory  vessels  of  stone*ware.    The  following 

wood-cut  represents  the  arrangement  of  the  distillatory  iqpparatos, 

employed  at  Apothecaries'  HaU,  for  the  production  of  common  aqua^ 
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fwrtia ;  it  consists  of  an  iron  pot,  set  in  brick.work,  'Orer  a  fire-place ; 
an  earthenware  head  is  luted  upon  it,  communicating  with  two  receiv- 
ers of  the  same  material,  furnished  with  earthenware  stop-cocks,  the 
last  of  which  has  a  tube  of  safety  dipping  into  a  basin  of  water. 


277.  The  nitric  add  of  commerce,  as  obtained  by  the  above  pro- 
cesses, is  always  impure,  and  muriatic  and  sulphuric  acids  may  usually 
be  detected  in  it.  The  former  may  be  separated  by  nitrate  of  nlver^ 
and  the  latter  by  a  very  dilute  solution  of  nitrate  of  baryta.  To. ob- 
tain pure  nitric  add,  therefore,  add  to  that  of  commerce  a  solution  of 
nitrate  of  silver  .as  long  as  it  produces  any  white  precipitate  ;  and 
when  this  has  subsided,  pour  off  the  clear  liquor,  and  add,  in  the 
same  way,  the  nitrate  of  baryta  ;  then  distil  the  acid,  and  it  will  pass 
over  peiiectly  pure.  For  pharmaceutical  purposes,  the  ordinary  acid 
is  generally  sufficiently  pure.  If,  however,  pure  nitre,  and  pare  sul- 
phuric acid  be  employed  in  its  production,  and  the  latter  not  in  excess, 
there  is  little  apprehension  of  impurity  in  the  resulting  acid. 

The  nitric  acid  is  a  colourless  liquid,  extremely  sour  and  corrosive.  2^lSd.*' 
Its  specific  gravity  is  1.42  ;  it  always  contains  water,  which  modifies 
its  specific  gratity.    At  260**  it  boils  and  distils  over  without  change.  Jjjf*®*^ 
•  At— 40*  it  congeals.     It  absorbs  water  from  the  air,  aoS  its  bulk  is 
thus  increased,  while  its  specific  gravity  is  diminished.     It  is  usually 
coloured  by  nitrous  acid  gas,  which  it  evolves  when  heated. 

278.  Nitric  acid  in  its  dry  state,  that  is,  as  it  exists  combined  with 
metallic  oxides  in  the  salts  called  nitrates^  may  be  regarded  as  com- 
posed of  one  proportional  of  nitrogen  =  14,  and  5  of  oxygen  »  40, 
and  tins  -irill  be  the  symbol  represeaating  its  composition. 


U4 


mnte  acid. 


Nitrogen. 
14 

C^gea 

8. 

8. 

8. 

• 

8. 

40 


Consequently,  the  representative  number  otdry  nitric  acid  is  54.0. 
But  in  its  liquid  state  it  always  contains  water  ;  and  when  in  this  state 
its  specific  gravity  is  1.5,  it  may  be  regarded  as  a  compound  of  one 
proportional  of  dry  acid  and  two  of  water,  which  may  be  nume^cally 
expressed  thus :  • 

Acid.        Water. 
54.    -f  17  s  74.0  liquid  acid. 

279.  The  following  Table  drawn  m>  by  Dr.  Ure,  exhibits  the  quan- 
tity of  real  acid  in  the  liquid  acid  of  different  densities  :— QuarteWy 
Journal^  iv.  297. 


^oaotibr  of 
real  Mid. 


Specific 
Oravitf. 

Acid  in 
100. 

Specific 
Gnvitj. 

Acidia 
100. 

Specific 

OlATi^. 

Acid  in 
100. 

1.5000 

79J00 

1.8783 

58.608 

1.1833 

85.504 

1.4980 

78.903 

L3732 

51.805 

1.1770 

24.707 

1.4960 

78.106 

1.3681 

51.068 

1.1709 

23.910 

1.4940 

77.309 

1.3680 

50.211 

1.1648 

83.113 

1.4910 

76.518 

1.3579 

49.414 

1.1587 

82.318 

1.4880 

75.715 

1.3529 

4&617 

1.1586 

21.519 

1.4850 

74.918 

1,3477 

47.880 

1.1465 

9a722 

1.4890 

74.121 

1.3487 

47.023 

1.1403* 

18.925 

U790 

73.384 

1.3376 

46.286 

1.1345 

19.188 

1.4760 

72.587 

1.3383 

45.429 

1.1886 

18.831 

1.4730 

71.730 

1.3270 

44.638 

1.1887 

17.534 

1.4700 

70.933 

1.3216 

43.835 

U168 

16.737 

1.4670 

7ai36 

1.3163 

43.038 

1.1109 

15.940 

1.4640 

69.339 

1.3110 

48.841 

1.1051 

15.143 

1.4600. 

68.542 

1.3056 

4t.4M 

1.0993 

14.346 

1.4570 

67.745 

1.3001 

40.647 

1.0935 

ia549 

1.4580 

66.948 

1.8947 

39.850 

1.0878 

18L758 

1.4500 

66.155 

1.8887 

39.053 

1.0881 

11.955 

1.4460 

65.354 

1.2886 

38.856 

1.0764 

11.158 

1A484 

64.557 

1.2765 

37.459 

1.0708 

10.361 

1.4885 

6a760 

1.8705 

36.662 

1.0651 

0.564 

1.4346 

62.963 

1.8644 

«5.885 

1.0595 

.    a767 

1.4306 

62.166 

1.8583 

35.068 

1.0540 

7.970 

1.4269 

61.369 

1.25SS 

34.271 

1.0485 

7.173 

1.4838 

60373 

1.2468 

33^74 

1X)430 

6.376 

1.4189 

59.7r5 

1.2402 

32:677 

1.0375 

8.579 

1.4147 

584)78 

1.2341 

31.880 

1.0320 

4788. 

1.4107 

58.181 

1.2277 

31.083 

IJOiSir 

3.985 

1.4065 

57.384 

1.2212 

30.886 

1.0212 

&188 

1.4083 

S6.587 

1.2148 

89.489 

1.0159 

8.391 

1.39r8 

55.790 

1.2084 

28.692 

1.0106 

1.594 

1.3945 

54993 

1.2019 

27.895 

1.0053 

a797 

1.3888 

54.196 

1.1958 

87.098 

1.3833 

53.399 

1.1895 

86.301 
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S80.  Nitric  acid  may  be  decomposed  by  passii^  its  vapour  throti^  a 
red  hot  porcelain  tube ;  oxygen  is  ^yen  off,  nitrous  acid  gas  is  pro- 
daced,  and  a  quantity  of  diluted  acid  passes  over  into  the  receiyer, 
having  escaped  decomposition ;  so  that  it  is  thus  proved  to  consist  of 
nitrpus  acid  gas,  oxygen  and  water. 

For  experiments  of  this  kind  the  form  of  apparatus,  described  for 
the  decomposition  of  water  by  iron,  may  be  employed  (Sec.  237) » 
omitting  the  condensing  worm-pipe. 

The  nature  of  nitric  acid  was  first  synthetically  demonstrated  by 
Mr.  Cavendish,  who  passed  electric  sparks  through  a  portion  of  at-of  nitri^c?^. 
mospheric  air,  or  through  a  mixture  of  one  part  of  nitrogen  and  two 
of  oxygen,  confined  over  mercury.  After  some  time  the  mixture  di- 
minished in  bulk,  and,  on  admitti^  a  little  water,  an  acid  solution  was 
obtained,  which  afforded  chrystals  of  nitre  when  saturated  with  p6- 


281.  AttroofniiruUtc  Acid* — ^This  tenn  has  been  applied  to  the 
Aqua  Regia  of  the  alchemists.  When  nitric  and  muriaUc  acids  are 
nixed,  they  become  yellow,  and  acquire  the  power  of  readily  dis- 
solving gold,  which  neither  of  the  acids  possessed  separately.  This 
mixture  evolves  chlorine,  a  partial  decomposition  of  both  acids  having 
takeu  place,  and  water,  chlorine,  and  nitrous  acid  gas,  are  thus  pro- 
duced ;  that  is,  the  hydrogen  of  the  muriatic  acid  abstracts  oxygen 
from  the  nitric  to  form  water :  The  result  mui^t  be  chlorine  and  ni- 
trous acid. — Daw,  Journal  of  Science  and  the  ArU^  Vol.  i.  p.  67. 

2^2.  Mtrogen  and  CUorine. — Chloride  </  Nitrogen. — These  gase*a 
do  not  unite  directly ^  but  the  compound  may  be  obtained  by  exposing 
a  solution  of  mirate  or  nuirtcUe  of  atmMmia  to  the  action  of  chlorine, 
at  a  temperature  of  60^  or  70?.  The  gas  is  absorbed,  and  an  oil-like 
fluid,  heavier  than  water,  is  produced.  It  was  discovered  by  M.  Du« 
long,  in  18J2. — Annales  de  Oiimie^  Vol.  Ixxxv. 

The  simplest  mode  of  obtaining  this  compound,  consists  in  filling  a 
perfectly  clean  glass  basin  with  a  solution  of  about  one  part  of  sal- 
ammoniac  in  twelve  of  water,  and  inverting  into  it  a  tall  jar  of 
chlorine.  The  saline  solution  is  gradually  absorbed  and  rises  into  the 
jar,  a  film  forms  upon  its  sorftce,  and  it  acquires  a  deep-ydlow  co- 
lour ;  ai  length  small  globules,  looking  like  yellow  oil,  collect  upon 
its  sar&ce,  and  successively  fidl  into  the  basin  beneath,  whence  they 
are  most  conveniently  removed  by  drawing  them  into  a  small  and  per- 
fectly clean  g^ass  syrii^,  made  of  a  glass  tube  drawn  to  a  pointed 
onficei  and  having  a  copper  wire  with  a  piece  of  clean  tow  wrapped 
round  it  for  a  piston ;  in  this  way  a  globule  may  be  drawn  into  the 
tube,  and  transferred  to  any  other  vessel. 


Its  specific  gravity  is  1.65 ;  it  is  not  congealed  by  cold.  Its  odour 
is  irritatii^  and  peculiar ;  it  very  soon  evaporates  when  exposed  to 
air.  This  substance  is  dangerously  explosive,  and  is  decomposed  with 
riolent  detonation  by  many  cwbustibles,  especially  phosphorus,  and 
fixed  oils. 
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In  making  these  experiments,  a  small  globule  of  the  compound, 
about  the  size  of  a  mustard-seed,  should  be  cautiously  transferred  to 
a  clean  porcelain  basin,  half  filled  with  water ;  a  Terj  small  piece  of 
phosphorus,  fixed  to  the  end  of  a  long  stick,  or  a  long  rod  with  the 
extremity  dipped  in  oil  may  be  then  brought  into  contact  with  the 
globule,  which  instantly  explodes,  dispersing  the  water,  and  breaking 
the  basin.  At  160*  it  distils  without  change,  but  at  212^  explodes,  and 
is  decomposed.  It  Was  submitted  to  the  action  of  125  different  sub- 
stances, by  Messrs.  Porret  and  Wilson,  of  which  the  following  caused 
it  to  explode  : 

Phosphorus. 

Phosphuret  of  lime. 

Caoutchouc. 

Myrrh. 

Pdm-oil. 

Whale-oil. 

Linseed-oil. 

Olive-oil.  ^ 

Oil  of  turpentine. 

Naptha. 

Liquid  ammonia. 

Phosphuretted  hydrogen. 
•  Nitric  oxide. 

*  The  metals,  resins,  and  sugar  did  not  cause  it  to  explode.«>-NrcHO£* 
son's  Journal^  Vol.  xxiiv. 

Alcohol  quiet] V  changes  it  into  a  white  substance.  Mercury  abeo?b0 
coapotitioa  ^^  chlorine  and  evolves  nitrogen.  It  yields^  by  decomposition,  1 
^tm^''*  •'volume  of  nitrogen  and  4  of  chlorine  ;  and  as  the  specific  gravity  of 
'^  nitrogen  to  chlorine  is  as  14  to  36.0,  so  it  may  be  said  to  consist  of  1 

If  G 

proportional  of  nitrogen  4-  4  proportionals  of  chlorine,  or  14  +  144, 
by  weighty  and  its  number  will  be  158. 


sitrofta. 


Nitrogen. 
14 

Chlorine. 

36 

« 

36 

36 

141 
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In  the  state  of  yaponr,  it  is  probable  that  the  fire  volumes  of  aeri- 
form matter  which  it  affords  by  decomposition,  are  condensed  into  one, 
since  its  decomposition  by  mercury  is  not  attended  by  any  change  of 
its  volume. 

283.  Nitrogen  and  Iodine, — A  compound  of  these  bodies  may  be 
procured  by  ponrii^  a  solution  of  ammonia  upon  a  very  small  quantity 
of  iodine.  Hydriodic  acid  is  one  product,  and  the  oth^r  a  brown  pow- 
der, which  detonates  upon  the  slightest  touch,  and  is  resolved  into  ni- 
trogen and  iodine.  It  oiay  be  collected  by  pouring  off  the  liquid,  and 
placing  it,  while  moist,  in  small  parcels  upon  bibulous  paper,  where  it 
must  be  suffered  to  dry  spontaneously.  When  it  detonates,  the  purple 
fumes  of  iodine  are  perceptible.  When  left  exposed  to  air  it  gradually 
evaporates. 

284.  Nitrogen  and  Hydrogenr^-^mnwnia  ;  or  Volatile  Alcali, — This  j 
gaseous  compound  may  be  obtained  by  heating  a  mixture  of  quicklime 
and  muriate  of  ammonia.  Two  parts  of  dry  quicklime  and  one  of  mu- 
riate of  ammonia  may  be  introduced  into  a  small  glass  retort,  and,  upon 
the  application  of  a  gentle  heat,  the  gas  passes  over.  It  must  be  col- 
lected over  mercury.  It  is  permanently  elastic  at  common  tempera- 
tures, extremely  pungent  and  acrid,  but  when  diluted  by  mixture  with 
common  mr,  agreeably  stimulant.  It  converts  most  vegetable  blues  to 
green,  and  the  yellows  to  red,  properties  which  belong  to  the  bodies 
called  alcaiis.    Ammonia,  therefore,  has  been  termed  volatile  alcali, 

*  Its  specific  gravity  to  hydrogen  is  as  8.6  to  I ;  J  00  cubical  inches  ^F*^"^^^  vk- 
weighing  18  grains.    It  extinguishes  ffame,  but  forms  an  inflammable^*'^' 
mirtare  with  conmion  air  and  with  oxygen. 

285.  Water,  at  the  temperature  of  60"^ ,  takes  up  670  times  its  volume 
of  ammonia  ;  its  bulk  is  increased,  and  its  specific  gravity  diminished  : 
that  of  a  saturated  solution  is  0.87d,  water  being  1.000.  The  follow- 
ii^  Table  shows  the  quantity  of  ammonia  in  solutions  of  different  spe- 
cific gravities. — Davy's  Chem.  Phil.  p.  268. 
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t*8760 
8875 
900O 
9064* 
9166 
9265 
9326 
9385 
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100  Parti  of  Sp.< 

Sr.                   C 

32.60 

9436  ^ 

29.26 

9476 

26.00 

9613 

26.37 

22.07 

9546 
9673 

►  Contain  < 

19.64 

9697 

17.62 

9619 

16.88 

9692*. 

14.63 
13.46 
12.40 
11.66 
10.82 
10.17 
9.60 
9.60 


The  usual  state  in  which  ammonia  is  employed  is  in  solution,  both  in 
chemistry  and  medicine.     This  solution  bears  the  name  of  Liquor  j9m- 
WMMwe  in  the  London  Pharmacopceia,     It  mav  be  obtained  by  passing 
the  gas  into  water  in  a  proper  apparatus  (263,)  or  by  distilling  over  the  • 
water  and  gas  together. 

The  following  process,  recommended  by  Mr.  R.  Philips,  answers  p«pm«^«oo^ 
well.  On  9  ounces  of  well-burned  lime  pour  half  a  pint  of  water,  and  ^^  °*™*' 
when  it  has  remained  in  a  well-closed  vessel  for  about  an  hour,  add  12 


•  When  ip.  gr.  ox.  s=l,  thatof 
the  atom  of  ammoiiia  «^.126,  and  this 

fTha  three  results maifced Iqr the 
gqfbyqdciiiatioD* 


will  bo  0.531$5 ;  this  maltiplied  by  4  will  give 
atom  is  just  17  times  the  atom  of  hydrogen,  f  0.125.) 
'    were  gaiBedby  esperimeiits,  the  other  njmr 
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ounces  of  muriate  of  ammoDiain  powder  and  thr^e  pints  and  a  half  of 
boiling  water  ;  when  the  mixture  has  cooled,  pour  off  the  clear  por- 
tion, and  distil  from  a  retort  20  fluid  ounces.  The  specific  graritj  of 
this  solution,  which  is  sufficiently  strong  for  most  purposes,  is  0.954 — 
Remarks  on  London  PharmcLcopcBta,  p.  34. 

The  specific  gravity  of  the  officind  solution  directed  in  the  Pkarma- 
copma^  is  0.960. 

Liquid  ammonia  should  be  preserved  in  well-stopped  glass  bottles, 
since  it  loses  ammonia  and  absorbs  carbonic  acid,  when  exposed  to  air. 
When  heated  to  about  140^,  ammonia  is  rapidly  given  off  by  it ;  when 
concentrated  it  requires  to  be  cooled  to  —  40^  before  it  congeals,  and 
then  it  is  apparently  inodorous. 

If  a  piece  of  ice  be  introduced  into  ajar  of  ammonia  standing  over  quick- 
silver, it  melts  with  great  rapidity,  and  liquid  ammonia  is  produced. 

286.  Dr.  Henry  (^Phil.  Tran$.  1809,)  first  observed  that  a  mixture 
of  ammonia  and  oxygen  gas  might  be  fired  by  an  electric  spark,  and 
this  property  furnishes  a  means  of  analyzing  the  alcaline  gas.  Elec- 
tricity also  decomposes  ammoniacal  gas.  If  a  succession  of  electrical 
sparks  be  passed  through  a  Btnall  portion  of  the  gas  confined  in  a  pro- 
per tube  over  quicksilver,  it  will  increase  to  about  twice  its  original 
bulk,  and  lose  its  easy  solubility  in  water.  If  the  gas  thus  expand^  be 
mixed  with  from  one-third  to  one-half  its  bulk  of  oxygen,  and  an  elec- 
tric spark  passed  throiigh  the  mixture,  an  explosion  takes  place,  at- 
tended by  considerable  diminution.  Note  the  amount  of  the  diminu- 
tion, divide  it  by  3,  and  multiply  the  product  by  2.  The  result  shows 
the  quantity  of  hydrogen.  Thus,  suppose  10  measures  of  ammonia, 
expanded  by  electricity  to  18,  and  that,  after  adding  8  measures  of 
oxygen  gas,  we  find  the  whole  (=26  measures,)  reduced  by  firing  to 
6  measures,  the  diminution  will  be  20.  Then  20  ^  3  =  6.66  and 
6.66  X  2  =s  13.32  measures  of  hydrogen  gas  from  10  of  ammonia ; 
and  18—13.32  =  4.68  for  the  nitrogen  gas  contained  in  the  product  of 
electrization.  Therefore,  10  measures  of  ammonia  have  been  destroy- 
ed and  expanded  into 

13.32  measures  of  hydrogen  gas, 
4.68     -     -     -     -  nitrogen  gas. 
Henry's  Etements,  7th  edit.  Vol.  i.  p.  233. 

It  appears  probable  that  one  volume  of  ammonia  is  resolved  by 
electric  decomposition  into  two  volumes  of  a  mixture  of  hydrogen  and 
nitrogen,  consisting  of  three  volumes  of  hydrogen  and  one  volume  of 
nitrogen  ;  hence  the  following  symbols  will  represent  the  composition 
and  volume  of  ammonia :  * 


Nitrogen 
14 

Hydrogen 

1 

Hydrogen 
1 

Hydrogen 
1 

=  17 
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When  ammonia  and  oxygen  are  detonated,  the  nitrogen  is  oxidized 
as  well  as  the  hydrogen ;  hence,  if  excess  of  oxygen  be  used,  the 
whole  of  the  ammonia  disappears,  and  nitrate  of  ammonia  is  formed. 

Ammonia  is  decomposed  by  passing  it  through  a  red-hot  iron  tube  ; 
it  snfiers  expansion,  and  is  resolved  into  hydrogen  and  nitrogen  gases, 
fomishing  a  singular  instance  of  change  of  properties  in  consequence 
of  chemical  combination,  a  is  a  bladder  filled  with  ammonia  which 
may  be  passed  through  the  iron  tube  6,  placed  in  the  furnace  c ;  the 
gas  is  decomposed,  and  hydrogen  and  nitrogen  may  be  collected  over 
the  water  in  d. 
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Ammonia  is  also  decomposed  when  passed  over  black  oxide  of  man- 
ganese, heated  red-hot  in  a  porcelain  tube  ;  the  results  are  water  and 
nitrous  acid  gas  ;  nitrate  of  ammonia  is  also  often  formed. 

287.  Ammonia  is  produced  synthetically  during  the  decomposition  g   ^. 
of  many  animal  substances  ;  it  is  also  formed  during  the  violent  action  ^°    *^ 
of  nitric  acid  upon  some  of  the  metals  ;  and  by  moistened  iron-filings 
exposed  to  an  atmosphere  of  nitrogen ;   in  these  cases  the  nascent 
g^ses  unite  so  as  to  form  a  portion  of  ammonia. 

288.  Ammonia  combines  with  the  acids,  and  produces  a  class  of  .  ^_^^ 
salts  which,  with  vety  fei^ exceptions,  are  soluble  m  water,  and  which  nia. 
evolve  the  odour  of  ammonia  when  mixed  with  lime  or  with  pure  po- 

tassa.     These  salts  are,  for  the  most  part,  entirely  dissipated,  and, 
generally  speaking,  decomposed  by  heat. 

289.  Ammonia  and  Chloric  Acid — Chlorate  of  Ammonia  is  formed 
by  saturating  chloric  acid  with  carbonate  of  ammonia.  It  forms  very 
soluble  acicular  crystals,  of  a  sharp  taste,  which  detonate  when 
thrown  upon  hot  coals.  It  probably  consists  of  1  proportional  of  each 
of  its  components,  or  17  ammonia  <f  76  chloric  acid. 

290.  Jodate  of  Ammonia  forms  small  indeterminate  crystals  ;  when 
heated  they  are  decomposed  into  oxygen,  nitrogen,  water,  and  iodine. 
Their  composition  has  not  been  ascertained. 

291.  Amtnonia  and  Chlorine. — ^When  these  gases  are  mixed,  a  par- 
tial decomposition  of  the  former  ensues.  On  mixing  15  parts  of 
chlorine  and  40  of  anmionia,  5  parts  of  nitrogen  are  liberated,  and 
muriate  of  ammonia  is  formed.  If  the  gases  be  perfectly  dry,  con- 
siderable heat  is  evolved,  and  a  flame  is  perceived  to  traverse  the 
vessel  in  which  the  experiment  is  made. 

292.  Ammonia  and  Muriatic  Acid — Muriate  of  Ammonia — ^^•^^'^  Muriate  of  «»- 
moniac — ^This  salt  may  be  produced  directly  by  mixing  equal  volumes  b 
of  ammonia  and  muriatic  acid,  when  an  entire  condensation  ensues. 

The  specific  gravity  of  ammonia  to  muriatic  acid  is  as  8.6  to  18.5 ; 
therefore,  muriate  of  ammonia  consists  of  18.5  muriatic  acid  +  ^«^ 
aQimooia. 
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Native. 


Ammonia 
8.5 

Mnriatic  Acid. 
18.5 

=  27. 


Muriate  of  ammonia  was  formerly  imported  from  Egypt,  where  it 
was  obtained  by  burning  the  dung  of  camels  ;  it  is  now  abundantly  pre- 
pared on  the  Continent  and  in  tHs  country.  Its  preparation  will  be 
hereafter  described.  When  obtained  by  evaporation  from  its  solution 
in  water,  it  forms  octoedral,  prismatic,  and  plumose  crystals  ;  but,  in 
commerce,  it  usually  occurs,  as  procured  by  sublimation,  in  white 
cakes,  hard,  and  somewhat  elastic,  and  in  this  compact  state  it  requires 
for  solution  3.25  parts  of  water  at  SO**.  When  heated  it  sublimes 
without  decomposition  in  the  form  of  white  vapour.  Its  specific 
gravity  composed  with  water  is  =s  1.45  (Dr.  Watson.) 

Sal-ammoniac  is  used  in  the  arts  for  a  variety  of  purposes,  especial- 
ly in  certain  metallurgic  operations.  It  is  used  in  tinning,  to  prevent 
the  oxidation  of  the  surface  of  copper ;  and  small  quantities  are  con- 
sumed by  dyers.  Dissolved  in  nitric  acid,  it  forms  the  aqua  regia  of 
commerce,  used  for  dissolving  gold,  instead  of  a  mixture  of  nitric  and 
muriatic  acids  ^281). 

293.  J^ative  Muriate  of  Ammonia  occurs  massive  and  crystallized,  in 
the  vicinity  of  volcanoes,  and  in  the  cracks  and  pores  of  lava  near  their 
craters.    It  has  thus  been  found  at  Etna,  and  at  Vesuvius,  in  the  Solfa- 
terra  near  Naples,  and  in  some  of  the  Tuscan  Lakes.     An  efflorescence 
of  native  sal-ammoniac  is  sometimes  seen  upon  pit-coal.     Its  colour 
varies  from  the  admixture  of  foreign  matter,  and  it  is  frequently  yel- 
low from  the  presence  of  sulphur.     It  is  said  that  considerable  quan- 
tities of  native  sal-ammoniac  are  also  found  in  the  country  of  Bucha- 
ria,  where  it  occurs  with  sulphur  in  rocks  of  indurated  clay.     The 
ancients  according  to  Pliny,  called  this  salt  ammoniac^  because*  it  was 
found  near  the  temple  of  Jupiter  Anmion,  in  Africa. 
Bjarioaateof     294.  Hydriodate  of  Ammonia, — In  a  former  paragraph  (283)  the 
•mnwnU-      actiou  of  lodine  on  anunonia  has  been  stated  to  produce  a  portion  of  hy- 
driodate of  ammonia  :  this  compound  may  be  directly  formed  by  mix- 
ing equal  volumes  of  hydriodic  and  ammoniacal  gases  ;  or  by  saturating 
liquid  hydriodic  acid  by  carbonate  of  ammonia  ;  it  forms  very  soluble 
and  deliquescent  cubic  crystals,  volatile  in  close  vessek  without  decom- 
position.— Gay-Lussac,  Annales  de  Chim.  xci. 
Nji^teof  UB-     295  Amm^mia  and  Kiiric  Acid-^J^itraie  of  Ammonia. — This  salt  may 
be  procured  by  the  direct  union  of  ammonia  with  nitric  acid  ;  or  more 
easily,  by  saturating  dilute  nitric  acid  wi^  carbonate  of  ammonia.     It 
8p««ificgnTi-has  been  mentioned  as  the.source  of  nitrous  oxide,  and  when  heated  is 
*y*  entirely  resolved  into  that  gas  and  water.     *  It  consists  of  one  propor- 

tional of  nitric  acid  =  64  +  one  proportional  of  ammonia  =  17,  and 
therefore  the  representative  number  of  nitrate  of  ammonia  is  71.  Or 
it  may  be  considered  as  containing  two  proportionals  of  nitrogen,  three 
of  hydrogen,  and  five  of  oxygen,  as  the  following  symbols  show  : 


*  Its  qwcific  gravity  compared  with  water,  is  1.5785.   (Fouxcroy). 


9ITRATB  OF  AMMOITIA. 

Nitrate  of  Ammonia. 
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mtrie  Ada. 
54. 

Ammonia. 

17. 

intrcgen 
14 

Oxygea 

14 

Hydrogen 

8. 

1 

8. 

1 

8. 

8. 

1 

Nitroos  oxide  consists  of  1  proportional  of  nitrogen  =s  14  +  i  of 
oxygen  =  8 ;  hence  the  2  proportionals  of  nitrogen  in  the  salt  (1  in  the 
acid  and  1  in  the  ammonia,)  will  require  2  ofozygen  to  produce  nitrous 
oxide,  and  the  remaining  3  of  oxygen  will  unite  to  the  3  of  hydrogen, 
and  form  vrater  ;  and  accordingly  nitrous  oxide  and  water  are  the  only 
possible  results  ;  so  that  the  elements  after  the  decomposition  of  the 
salt,  are  arranged  thus : 


Two  fropordooaJt  of  Nitrow  Oxide. 


Three  proportionals  of  Water. 


Nitrogen 
14 

Oxygen 

Hydrogen 

1 

Oxjgen 

14 

8. 

1 

8. 

1 

8. 

Nitrate  of  anmionia  has  long  been  known,  and  was  formerly  called 
J^itrumflammarts.  It  differs  in  form  according  to  the  manner  in  which  wate»r**°*  ^^ 
its  solution  has  been  evaporated  ;  if  at  a  temperature  below  100*,  its 
crystals  are  six-sided  prisms  terminated  by  six-sided  pyramids  ;  if  boil- 
ed down,  its  crystals  are  thin  and  fibrous  :  it  id  deliquescent,  and  solu- 
ble in  twice  its  weight  of  water  at  60®,  and  in  its  own  weight  at  212<>. 
Its  taste  is  acrid  and  bitter.  It  contains  different  proportions  of  water 
of  crystallization  ;  according  to  Berzelius,  the  (Hrismatic  variety  affords 
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11.232  per  eent.  (80  Annales  de  Chimie,)  According  to  Dayj,  the 
fibrous  variety  contains  8.2  per  cent, ;  and  the  compact,  obtained  by 
evaporating  the  solution  till  it  concretes,  6.7  per  cent,  of  water  of  crys- 
tallization.— Davy's  Researches,  p.  71. 

294.  JittHosphertc  Air. — The  composition  of  atmospheric  air  has 

.    been  frequency  alluded  to  in  the  preceding  pages,  and  as  the  student 

^jmotp  enc.  .^  ^^^  acquainted  with  its  essential  component  parts,  namely,  oxygen 

and  nitrogen,  it  may  be  right  to  consider  its  properties  more  at  length. 

The  atmosphere  is  a  thin,  transparent,  invisible,  and  elastic  fluid, 
which  surrounds  our  planet  and  reaches  to  a  considerable  height  above 
its  surface,  probably  about  40  miles. 

That  air  is  a  ponderous  body,  was  first  suspected  by  Galileo,  who 
found  that  a  copper  ball,  in  which  the  air  had  been  condensed,  weigh- 
ed heavier  than  when  the  air  was  in  its  ordinary  state  of  tension. 
The  fact  was  afterwards  demonstrated  by  Torricelli,  whose  attention 
was  drawn  to  the  subject  by  the  attempt  of  a  well-digger  at  Florence, 
to  raise  water  by  a  sucking-pump  to  a  height  exceeding  33  feet.  It 
was  then  found  that  the  pressure  of  the  atmosphere,  and  not  nature's 
abhorrence  of  a  vacuum,  was  the  cause  of  the  ascent  of  the  water  in 
the  pump-pipe,  and  that  a  column  of  about  the  height  mentioned  was 
sufficient  to  equipoise  the  atmosphere. 

In  1643,  Torricelli  filled  a  glass  tube,  three  feet  long  and  closed  at 
one  end,  with  quicksilver,  and  inverted  it  in  a  basin  of  the  same  fluid ; 
he  found  that  the  mercury  feU  about  six  inches,  so  that  the  atmosphere 
appeared  capable  of  counterbalancing  a  column  of  mercury  30  inches 
in  height.  The  empty  space^  in  the  upper  part  of  the  tube,  has  hence 
been  called  the  Torricellian  vacuum,  aad  is  the  most  perfect  that  can 
be  formed. 

Paschal  and  Torricelli  afterwards  observed,  that  upon  ascending  a 
mountain,  the  quicksilver  fell  in  the  tube,  because  there  was  less  air 
above  to  press  upon  the  sur&ce  of  the  metal  in  the  basin  ;  and  thus  a 
method  of  measuring  the  heights  of  mountains  by  the  barometer,  as  the 
instrument  is  now  called,  was  devised.  Sir  Henry  Englefield  has  con- 
structed a  barometer,  expressly  for  these  investigations,  the  mode  of 
using  which  is  described  in  the  Journal  of  Science  and  the  Arts,  Vol.  v. 
p.  229. 

The  barometer  indicates,  by  its  rise  and  Mi,  a  corresponding  change 
in  the  density  of  the  atmosphere.  At  the  surfiice  of  the  earth  the  mean 
density  or  pressure  is  considered  equal  to  the  support  of  a  column  of 
quicksilver  30  inches  high. 

Inches. 

At  1000  feet  above  the  surface  the  colunm  falls  to  28.91 

2000 27.86 

3000 26.86 

4000 26.87 

6000 24.93 

1  Mile      24.67 

2  20.29 

3 ; 16.68 

4 13.72 

8 11.28 

10 4.24 

16 1.60 

20 0.96 
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296.  The  general  mechanical  properties  of  the  air  are  hest  illai-  if^^^i^^oicaJ 
trated  by  the  air-pump^  the  construction  of  which  much  resembles  propeniei  «if 
that  of  Uie  common  sucking-pump  used  for  raising  water,  excepting  *"' 
that  all  the  parts  are  more  accurately  and  nicely  made,  the  object  be- 
ing to  exhaust  the  air  as  completely  and  expeditiously  as  possible. 
The  annexed  sketch  will  give  an  idea  of  the  operation  of  the  common 
air-pump  a  b  are  cylinders,  into  which  the  sliding-pistons  c  d  are  ac- 
curately fitted,  e  is  a  tube  issuing  from  the  bell-glass  placed  upon  a 
brass  plate/,  and  entering  the  lower  part  of  the  cylinders  at  h  hy  where 
are  valves  opening  upwards.  In  each  piston  is  also  a  valve  opening 
upwards  at  g  g.  The  cylinder  a  represents  the  piston  in  the  act  of 
being  drawn  up.  By  elevating  the  piston  c  an  attempt  will  be  made 
to  form  a  vacuum  underneath  it ;  but  a  portion  of  the  air  in  conse- 
quence of  its  elasticity,  will  pass  out  of  the  bell  /,  along  the  tube  e, 
and  elevating  the  valve  A,  will  fill  the  space  below  the  piston,  the 
valve  g  being  kept  closed  by  the  weight  of  the  incumbent  atmosphere. 
In  the  cylinder  b  the  piston  is  represented  in  the  act  of  depression,  the 
valve  h  therefore  is  forced  down  upon  the  orifice,  which  it  perfectty 
closes  ;  and  the  air,  confined  between  it  and  the  piston,  now  makes  its 
escape  by  the  piston-valve  g,  which  is  accordingly  open,  so  that  at 
every  stroke  of  the  pump  a  portion  of  air  is  withdrawn  from  the  re^^ 
ceivery. 


With  this  air-pump  it  is  obviously  impossible  to  obtain  more  than  an 
imperfect  vacuum  in  the  receiver  Jf;  for  the  valves  can  only  act  by  the 
elasticity  of  the  remaining  air  ;  and,  accordingly,  if  a  barometer  be 
placed  Udder  the  receiver,  the  mercury  will  never  attain  a  level  in 
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the  tube  and  basin,  but  will  always  indicate  a  degree  of  pressure,  as  is 
«hownby  the  small  syphon  gauge  at  t;  and  if  a  tube  3  feet  long  have  its 
upper  end  opening  into  the  receiver,  and  its  lower  end  plunged  into  a 
bason  of  mercury,  the  mercury  will  never  rise  so  high  as  in  the  com- 
men  barometer,  where  the  vacuum  above  it  is  perfect,  but  will  indicate 
the  pressure  of  a  renmant  of  air  in  the  receiver.  The  syphon  gauge, 
and  the  barometer  as  applied  at  k,  are  very  useful  appendages  to  Ute 
air-pump,  as  showing  the  degree  of  exhaustion,  and  its  permanence. 

The  operation  of  the  pump  in  removing  air,  and  the  mechanical 
properties  of  the  atmosphere,  may  be  shown  by  a  variety  of  experi- 
ments. Its  pressure  is  illustrated  by  the  force  with  which  the  bell-glass 
is  pressed  down  upon  the  plate  of  the  pump  ;  the  absence  of  its  buoy- 
an<^y»  by  the  descent  of  a  guinea  and  a  feather  at  the  same  time  in  the 
exhausted  receiver ;  and  by  the  preponderance  of  the  larger  of  two 
bodies  which  balance  each  other  in  the  open  air.  The  want  of  resis- 
tance in  the  exhausted  receiver  is  also  shown  by  the  equal  duration  of 
the  motion  of  two  fly  wheels,  with  their  plates  placed  in  different  di- 
rections. 

296.  The  specific  gravity  of  atmospheric  air,  at  mean  temperature 
and  pressure,  that  is,  the  ttiermometer  being  at  60**,  and  the  barom- 
eter at  30  inches,  is  usually  considered  as  =:  1.  It  is  about  828.59 
times  as  light  as  its  bulk  of  water,  100  cubical  inches  weighing  30.6 
grains. 

f^or  ascertaining  the  specific  gravity  of  gaseous  bo- 
dies, a  good  air-pump  is  essentially  requisite ;  a  light 
glass  balloon  or  flask  h ;  and  a  graduated  air-jar  a, 
each  supplied  with  stopcocks,  are  also  required. 

Dn  Henry,  in  his  excellent  EletntnU  of  Chemistry ^ 
(Vol.  i.  p.  126,)  has  given  the  following  directions  for 
proceeding  to  estimate  the  specific  gravity  of  gases, 
which  can  scaipely  be  improved  upon;  it  only  re- 
quires to  be  observed,  that  the  gases  should,  in  general, 
be  retained  and  collected  over  mercury,  and  care- 
fully dried  by  exposing  them  to  proper  substances  for 
absorbing  the  moisture  which  they  hold  in  solution, 
and  which  would  materially  afiect  the  accuracy  of  the 
result ;  or  they  should  be  taken  saturated  with  mois- 
ture, and  a  deduction  afterwards  made  for  the  weight 
of  the  vapour  contained  in  a  given  bulk  of  the  gas. 

Supposing  the  receiver  a  to  be  filled  with  any  gas,  the  weight  of 
which  is  to  be  ascertained>  we  screw  the  cock  of  the  vessel  h  on  the 
plate  of  an  air-pump,  and  exhaust  it  as  completely  as  possible.  The 
weight  of  the  exhausted  vessel  is  then  very  accurately  taken,  even  to 
a  snuedl  fraction  of  a  graint.;  and  it  is  screwed  upon  the  air-cock  of  the 
receiver  a.  On  opening  both  cocks,  the  last  of  which  should  be  turn- 
ed very  gradually,  the  gas  ascends  from  the  vessel  a  ;  and  the  quan- 
tity which  enters  into  the  flask,  is  known  by  the  graduated  scale  on  a. 
On  weighing  the  vessel  a  second  time,  we  ascertain  how  many  grains 
have  been  admitted.  If  we  have  operated  on  common  air,  we  shall 
find  its  weight  to  be  at  the  rate  of  30.5  grains  to  100  cubical  inches. 
The  same  quantity  of  oxygen  gas  will  we^h  33.75  grains,  and  of  car- 
bonic acid  gas  46.67  grains. 
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In  experiments  of  this  kind  it  is  necessary  either  to  operate  with 
the  barometer  at  30  inches,  and  the  thermometer  at  60^  Fahrenheit, 
or  to  reduce  the  rolome  of  gas  employed  to  that  pressure  and  tempera- 
ture, by  rales  which  are  giren  in  the  note*.  Great  care  is  to  be  ta* 
ken,  also,  not  to  warm  any  of  the  vessels  by  contact  with  the  hands, 
from  which  they  should  be  defended  by  a  g^ove.  On  opening  the  com- 
munication between  the  receiver  and  the  exhausted  vessel,  if  any 
water  be  lodged  in  the  air-cock  attached  to  the  former,  it  will  be  forci- 
bly driven  into  the  latter,  and  the  experiment  will  be  frustrated.  This 
may  be  avoided  by  using  great  care  in  filling  the  receiver  with  water, 
before  passing  into  it  the  gas  under  examination. 


*  RkUs for  reducing  ihe  Fciumeiif  Ga8e$  to  a  mean  Height  of  ike  Barometer^  trndmum 

Temperature. 
^.  fW»i  the  space  occupied  by  amf  ouantiiy  of  gas  under  an.  oheereed  degree  qfpresturt^ 
h  infer  tohmi  its  vohane  would  be  tmder  the  mean  height  of  the  barometer,  takingthisat^ 
inckeSyasisnewfnoetusuaL 

This  is  done  by  the  rale  of  proportion;  for,  u  the  mean  height  is  to  tbe  obserred  heiriitt 
» is  the  obserred  Tolume  to  uie  volume  required.  For  eiiample,  if  we  wish  to  know  wnat 
fmce  would  be  filled,  voder  a  presmre  of  30  inches  of  mercuy ,  by  a  quantity  of  gas,  which 
mb  100  indkes,  when  the  barometer  is  at  29  inches. 

30:«9::100:96.66. 
The  100  inches  woidd,  therefore,  be  reduced  to  96.66. 

ii.  7b  estimate  vhat  would  be  the  volume  if  a  portion  of  gas,  if  brought  to  the  ten^erm» 
iureqfW  Fbhrenheit 

Divide  the  whole  qnantfty  of  ns  by  4S0;  the  qooCiInt  will  show  tbe  amount  of  its  ex- 
pansion or  ooatnctioD  faj  each  aegree  of  Fahreoheit^s  thermometer.  Maltiply  this  by  the 
mimber  of  demes,  which  the  gas  exceeds,  or  falls  below  60*.  If  the  temperature  of  the 
gas  be  abofe  60*,  subtract,  or  u  bekm  60*,  add,  the  product  to  the  absolute  quantity  of  gas; 
and  tbe  remainder  in  tbe  first  case,  or  sum  in  the  second,  will  be  the  answer.  Thus,  to  find  . 
what  space  100  cubic  inches  of  gas  at  50"  would  occnny  if  raised  to  60*,  divide  100  bj  480; 
the  (potient  0.308  multiplied  by  10  gives  2.08,  which  added  to  100  gives  102.08,  the  answer 
required.  If  the  temperature  bad  been  70*,  and  we  had  wished  to  know  the  volume  which 
the  gas  would  have  occupied  at  60*,  the  same  number  2.06  must  have  been  subtracted  (ram 
100,  and  97.92  would  have  been  the  answer. 

iii.  In  some  cases,  it  is  necessaiy  to  make  a  double  correction,  or  fo&r»n|^f%<^asfoa  mean 
both  ef  ffcc  hearfmeUr  and  thermometet'.  We  must  then  first  coneet  the  tenmerature,  and 
sfienraids  tbe  pressure.  Thus,  to  know  what  space  100  inches  of  gas  at  70i^  Fahrenheit^ 
vA  29  inches  barometer,  would  fiU  at  60*  Fahrenheit  and  30  inches  barometer,  we  first  rs- 
dace  the  100  inches,  by  the  second  process,  to  97.92.    Then  by  the  first, 

30:  29::  97.92:  94.63. 
(^  100  inches  tfans  corrected,  would  be  only  94.63. 

iv.  7b  asotrtam  what  would  be  the  absolute  weight  <f  agioen  vohane  of  gas  at  a  mean 
Umptraturt,  from  the  known  weiMqf  an  equal  vobime  at  any  o^^  first,find 

hy  ihe  seoona  process  vrhat  woula  be  its  bulk  at  a  mean  temperature;  and  then  sav,  as  the 
conededbttlk  isto  Ae  actoal  weight,8o  is  the  observed  bulk  to  the  number  required.  Thus, 
if  we  have  lOO  cubic  inches  of  gas  wei^^iing  50  grains  a|50*  Fahrenheit,  if  the  tempemtnre 
Ktre  raised  to  60*  they  would  expand  to  102.06.    And 

102.06  :  50  :  :  100  :  49. 
TherefaielOO  niches  of  the  same  gas  atOO*  would  weigh  49  grains. 
,  V.  T^kamthe  absolute  weight  if  a  ffinen  volume  of  gas  under  a  mean  pressure,  from 
He  fcwM  weight  under  an  observed  pressure,  say  as  me  observed  pressure  is  to  the  mean 
presasxe,  so  is  the  observed  *wei^t  to  the  corrected  weieht  For  example,  havin|f  100  in>> 
ches  of  gas  which  wcdigfa  50  grains  under  a  pressure  of  29  mches,  to  know  what  100  mches  of 
the  same  as  wonld  weigh,  the  barometer  being  30  inches, 

29  :  30  :ffi)  :  51.72. 
Tim  100  indies  of  the  same  gas,  under  30  niches*  pressure,  would  weigh  61.72  grams. 

VL  In  some  cases  it  is  necessary  to  combine  the  two  last  cekulations.  Thus,  if  100  in- 
^es  of  gas  at  50*  Fahrenheit,  and  under  29  mches*  pressure,  weigh  50  grains,  to  find  what 
ivmMbe  tbe  weight  of  100  niches  at  60*  Fahrenheit,  and  under  30  inches  of  the  barometer, 
first  correct  the  temperature,  which  reduces  the  weight  to  49  grains.    Then, 

29  :  30  : :  49  :  50.7. 
100  inches,  therefore,  would  weigh  50.7  grains. 

P 
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The  specific  gravity  of  any  gas  compared  with  common  air  is  readily 
known,  when  we  have  once  determined  its  absolute  weight  Thus, 
if  100  cubic  inches  of  air  weigh  30.5  grains,  and  the  same  quantity  of 
oxygen  gas  weigh  d3.B8  grains,  we  say, 

30.  6:33.88::  1.000:1.1111. 

The  specific  gravity  of  oxygen  gas,  compared  with  atmospheric  air, 
will,  therefore,  be  as  1. 1 1 1 1  to  1.000. 

•  We  may  determine,  also,  the  specific  gravity  of  gases  more  simply  by 
weighing  the  fiask,  first  when  full  of  common  sdr,  and  again  when  ex- 
hausted ;  and  afterwards  by  admitting  into  it  as  much  of  the  gas  under 
examination  as  it  will  receive,  and  weighing  it  a  third  time.  Now  as 
the  loss  between  the  first  and  second  weighing  is  to  the  gain  of  wei^t 
on  admitting  the  gas,  so  is  common  air  to  the  gas  whose  specific  gravity 
we  are  estimating.  Supposing,  for  example,  that  by  exhausting  the 
fiask  it  loses  30.19  grains,  and  that  by  admitting  carbonic  acid  it  gains 
46.57;  then  * 

30.5  :  46.57:  :  1.000:1.527. 
The  specific  gravity  of  carbonic  acid  is  therefore  1 .  527,  air  being  taken 
at  1.000.     And  knowing  its  specific  gravity,  we  can,  without  any  far- 
t!;^'experiment,  determine  the  weight  of  100  cubic  inches  of  carbonic 

^  '^acid ;  for,  as  the  specific  gravity  of  air  is  to  that  of  carbonic  acid,  so  is 

/**"—*'         30.5  to  the  number  required ;  or 
"^  1.000:^.527:  :  30  5:  46.57. 

100  cubic  inches,  therefore,  of  carbonic  acid  wiU  weigh  46.57  grains. 

Assuming  atmospheric  air  at  30  inches  barometrical  pressure,  and 
60®  temperature  =  1,  thefoUowing  Table  exhibits  a  series  of  compa- 
rative specific  gravities ;  the  First  column  shows  the  results  of  experi- 
ments chiefly  made  at  the  Royal  Institution  :  The  Second  contains  the 
weight  of  100  cubic  inches,  calculated  from  the  preceding  column :  the 
Third,  specific  gravities  upon  other  authorities ;  and  the  Fourth  con- 
lains  some  calculated  results  obtained  by  M.  Gay-Lussac  ;  and  others. 
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OAS. 


Atao^beric  air  . 
Ozyfeo.  •  .  . 
Chloriae  ... 
Oxide  of  CUoiiJM 
Iodine  (Tepeur  of) 
Hfdroi^eii  .  .  . 
Water  (rapour  of) 
M  viatie  acid  .  . 
Hydriodie  acid  . 
l^trog«a    ... 

Nitnus  ozida  »    . 


K]tric< 
Nitnmaa^d 


SolphiiMtted  hjdtoeen, 
PlMiepiwratfd  Jty  Jrogta 
Bydioplioiphogic  gae  .    , 

CaAonic  oxide    «    .    .    . 


Carbcnic  acid 

I  Cutaetted  liydragttD  (olefiant) 


acid  .    •    .•  .    . 

Bjdmeyaiiic  acid 

Sd^Bvt  of  CaiboB  (Tapour  of) 

nabtaesae 

«M 

(fapovof)  .  .  .  . 
Sdfteie  ether  (ditto)  .  .  . 
Mariatacdker  (ditto)  .  .  .  . 
UjrdfiodiBcllMr  (ditto)  .  .  . 
CUorie  etker  (ditto)  .  .  .  . 
Oil  of  teipcatiQe  (ditto)    .    .    . 


Specifio 
Gray. 


1.000O 

1.1175 
2.4957 
9.3653 
8.T723 
0.C945 
0.0395 
1.2851 
4.4334 
0.9661 

1.SS73 


3.1356 
0.5960 

1.1990 


100 
Cub.  In. 


a9685 

0.9834 

3.4191 
1.5ttl 
0.9983 
1.8178 
3.1537 
0.9461 

^400 
3.5740 


30.30 
33.75 
75.37 
71.43 

264.90 

2.25 

18.80 

38.80 

133.60 
29.25 

46.12 

31.S0 
•4.60 

18.00 

67.50 
36.00 
1^.00 
98.35 

39.70 

105.07 
46.57 
30.15 
54.90 
65.13 
».57 

73.50 
liaTB 


Other  ▲otboritiee. 


1.10360  Biet  aad  Arago 

C  2.470  GaT-Latac  and  The- 
{2.SO0Pn)«t  [nerd 

2.361  Thonuoa 

8.678  Oay-LoMec 

0.07321  Biot  and  Arego 

0.624  Oaj-Lotsae 

1.378  Biot  and  Gaj-LiMOC 

4.375  Thoaion 

0.96813  Biot  aad  Arago 

1.36893  Bf  lihoUet  ) 


1.0888  Bemrd 
S.1099  Q%j'] 

0L5966  Biet  end  Arago       ) 

3.2553  Oay-Linw  dt  the- 

foard 
1.1913    Ditto 

0.9033  ThomeoB 

0.9716   Ditto 

0.9569  Cmifkihenlri 


3.413' 
).5l96  Biot  aad  Arago 
1.000  T.  de  Saonnre 
1.804  Ga7*La8fae 
8.158  Thonaoa 
0.9868    Ditto 
3.670  Gaj-Luuao 
3.3709  TbomMn 


1.500  Oax 
S.396    Ditto 
3.319  Thcoard 
6.475  ThoiMttfl 
3.474    Ditto 
5.013    Ditto 


GBSSRVATIOliB. 


The  avenre  weight  of 
100  cubic  ioebce  ef  atiaof- 
pheric  air,  deduced  from 
twelve  ezperineatB  made 
with  great  care  and  an  ex- 
cellent balance,  it  30.199 
graintt  at  mean  tempera- 
ture atid  pressure.  Sir  G. 
Shttckburgh*s  experiments 
give  the  weight  of  lOO  cu- 
bic inches  s=  30.5,  and  the 
table  giTeD  bjr  Dr.  Thom- 
son (Srstem  iii.  35,)  is 
founded  oa  thit  dafmn. 


1.62099.  Upon  the  foppo- 
iition  that  its  elements  suf- 
fer a  condensation  equal  to 
the  Tolume  of  its  oxygen. 

The  UMan  of  equal  ro- 
lamas  of  oxjgea  aad  nitro- 
gen. 


0.59438.  Soppottog  the 
condensation  of  elements 
—  0.5  of  their  entire  ro- 


0.96782.  Bnpponi^lOOof 
caibonie  acid  mtnut  50 
oxygen  to  produce  100  car- 
bonic oude* 


The  chief  oambera  in  thii  table  Wi 
•>  they  ete  of  »  pe«aUar  natuie,  but 


rre  detefniaed  in  the  BoTal  Institotioa,  the  rewilta  thefefbrt.  6Mpot  h«n  be  lltCTid 
eliewhcre  it  hu  been  d»a«  wheaofer  b9  antbority  li  girea. 


108  Adiomsters. 

297.  Atmospheric  air  has  already  been  stated  to  coRsist  essentially 
ofauao^bericof  oxygen  and  nitrogen  gases ;  but  whether  it  should  be  considered  a 
*^'  mere  mixture  or  a  chemical  compound  seems  a  question  not  easily  de- 

cided. 

There  are  various  ways  of  learning  the  proportion  which  the  oxy- 
gen bears  to  the  nitrogen ;  and  as  the  relative  fitness  of  the  air  for 
breathing  has  sometimes  been  considered  as  depending  upon  the  quan- 
tity of  oxygen  contained  in  a  given  volume,  the  instruments  used  in 
these  experiments  have  been  called  eudiometers. 

29ft.  From  facts  already  stated  it  is  obvious,  that  if  atmospheric  air, 
mixed  with  a  certain  quantity  of  hydrogen,  be  detonated  by  the  elec- 
tric spark  (236  iii.)  the  absorption  will  be  proportionate  to  the  quan- 
tity of  oxygen  present. 

When  100  measures  of  pure  hydrogen  are  mixed  with  100  of  pure 
oxygen,  the  diminution  of  bulk  after  detonation  will  amount  to  150 
parts,  that  is,  one  volume  of  oxygen  requires  for  its  saturation  two  of 
hydrogen.  If  we  introduce  into  the  graduated  detonating  tube  (p.  80) 
300  measures  of  common  air,  and  200  of  pure  hydrogen,  there  wiU  re- 
main, after  detonation  305  measures ;  so  that  1 95  measures  will  have 
disappeared,  of  which  one-third  may  be  estimated  as  pure  oxygen ; 
hence  300  parts  of  air  have  thus  lost  65  of  oxygen,  or  about  21  per  cent: 
The  general  rule,  therefore,  for  estimating  the  purity  of  air  by  hy- 
drogen gas  may  be  stated  as  follows  : — Add  to  3  measures  of  the  air 
under  examination  2  measures  of  pure  hydrogen ;  detonate ;  and, 
when  the  vessel  has  cooled,  observe  the  absorption ;  divide  its  amount 
by  3,  and  the  quotient  is  the  qnanfjly  of  oxygen* 

Upon  the  same  principle,  detonation  of  mixtures  of  oxygen  and  hy- 
drogen is  often  resorted  to,  with  a  view  of  ascertaining  the  purity  of 
those  gases.  Thus,  suppose  100  measures  of  oxygen,  and  300  of  hy- 
drogen, to  be  reduced  by  detonation  to  130,  the  whole  diminution  will 
be  =270,  which,  divided  by  3,  gives  90  for  the  quantity  of  oxygen ;  so 
that  it  contained  10  per  cent,  of  some  gas,  not  condensible  by  detona- 
tion with  hydrogen. 

To  ascertain  the  purity  of  hydrogen,  it  may  be  detonated  with  ex- 
cess of  pure  oxygen.  Thus,  if  we  add  100  of  pure  oxygen  to  100  of 
hydrogen,  and  detonate,  there  will  be*a  diminution  equal  to  two-thirds, 
or  160  parts  if  the  hydrogen  be  pure.  If,  however,  we  suppose  100 
of  pure  oxygen,  mixed  with  100  of  hydrogen,  to  produce,  after  deto- 
nation, a  residue  of  80  measures ;  the  diminution  will  then  have  been 
only  120  measures,  of  which  two-thirds,  or  80  measures,  are  hydro- 
gen ;  so  that  the  inflanmiable  gas  will  have  contained  20  per  cent,  of 
some  other  gaseous  body,  not  condensible  by  detonation  with  hydro- 
gen. 
Euaioa  ter  f  '^^**  mode  of  ascertaining  the  purity  of  atmospheric  air  was  first  re- 
Voita.  *  *  sorted  to  by  Volta,  and  it  is  susceptible  of  great  accuracy,  since  pure 
hydrogen  and  pure  oxygen  are  easily  procured.  An  improved  deto- 
nating tube  for  these  purposes  has  been  described  by  M.  Gay-LussAc, 
AnnaUi  de  Chim.  et  Phys.  IV.  188. 
OfSch/UU.  ^^'  Scheele,  in  his  eudioinetrical  experiinents,  employed  stUphurei 
ofpotassa^  (656)  the  solution  of  which  rapidly  absori>s  oxygen,  as  may 
be  shown  by  agitating  it  with  some  atmospheric  air  in  a  graduated  g^ass 
tube.    In  this  experiment  the  nitrogen  remains  unaltered. 
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Of  Hope. 


The  best  inatmments  for  these  experi- 
ments are  the  eudiometric  tubes  of  Dr. 
Hope  (Nicholsok's  Journal^  Vol.  iv.) 
and  Dr.  Henry  {ElemenU^  Vol.  i.  p. 
149)  as  represented  in  tiie  marginal 
woodcuts.  The  former  consists  of  a 
small  bottle^  holding  about  three  ounces, 
into  which  the  graduated  glass  tube  a^is 
carefully  fitted  by  grinding.  It  also  has 
a  ground  stopper  at  6.  To  use  it,  the 
phial  is  filled  with  the  solution  of  the  al- 
caline  sulphuret,  and  the  tube  a,  .contain- 
ing the  air  to  be  examined,  fitted  into  its 
place.  After  inverting  and  agitating  the 
instrument,  the  stopper  b  may  be  opened  under  water,  and  the  ab- 
sorption is  shown  by  the  rise  of  the  fluid  ia  the  tube.  For  the  glass 
bottle  Dr.  Henry  substituted  the  elastic  gum  bottle  6,  in  the  neck  of 
which  a  short  piece  of  ^s  tube  is  secured,  into  which  the  tube  a  is 
fitted  by  grinding. 

In  the  PhftioMp^MoI  Tranmcium  for  1807,  Mr.  Pepys  has  describ-  or  Ptpyi. 
ed  a  modification  of  this  Eudiometer,  which  may  be  often  advanta- 
geously employed  in  delicate  experiments,  and  by  which  an  absorption 
of  onlj  Y^j  part  of  the  gas  under  examination  may  be  measured. 

301  •  When  nitric  oxide  gas  and  atmospheric  air  are  nuxed,  there  is  or  Pntitie j. 
a  production  of  nitrous  acid,  in  consequence  of  the  union  of  oxygen 
with  the  oxide  (273) ;  and  if  the  mixture  be  made  over  water,  an  ab- 
sorption proportional  to  the  quantity  of  nitrous  acid  ibrmed  ensues. 
Upon  this  principle  nitric  oxide  may  be  used  in  endiometrical  experi- 
ments, and,  if  proper  precautions  be  attended  to,  it  furnishes  tolera- 
bly accurate  results.  Dr.  Priestley  and  Mr.  Cavendish  {Phil.  Trans. 
1783,)  availed  themselves  of  this  mode,  and  Mr.  Dalton  has  offered 
some  remarks  upon  its  relative  accuracy  {Phil.  Mag.  Vol.  xxviii.) 
The  most  certain  results  are  obtained  by  adding  to  100  parts  of  the  at- 
mospheric air,  previously  introduced  into  a  snrall  beer  glass,  an  equal 
volume  of  nitric  oxide  gas.  The  mixture  /nay  be  gently  agitated,  and 
in  two  or  three  minutes,  carefiiUy  decanted  into  a  graduated  tube,  when 
it  will  be  found  that  84  measures  have  disappeared ;  of  which  one* 
fiyurth,  or  SI  measures,  are  oxygen. 

Sir  H.  Davy  suggested  the  use  of  a  solution  of  sulphate  of  iron,  im-  of  Darf. 
pregoated  with  nitric  oxide  g^s,  for  the  absorption  of  oxygen ;  it  may 
be  employed  in  the  same  way  as  the  alcaline  sulphuret  (300.) 

308.  If  a  stick  of  phosphorus  be  confined  in  a  portion  of  atmospher- 
ic adr  it  will  slowly  absorb  the  oxygen  present.  The  rapid  combustion 
of  the  same  substance  may  also  be  conveniently 
resorted  to.  .  For  this  purpose  a  small  piece  of 
phosphorus  may  be  introduced  into  the  bulb  of 
the  tube  a,  containing  a  given  measure  of  the  air 
to  be  examined,  confined  over  mercury,  which, 
to  prevent  loss  by  expansion,  should  be  suffered 
to  occupy  about  half  the  tube,  or  to  stand  at  h. 
The  phosphorus  may  then  be  inflamed  in  the 
tube ;  and  when  the  combustion  is  over,  and  the 
tube  cold,  die  residugry  air  may  be  transferred 
for  measurement.  These  eudiometrical  methods 
were  used  by  Lavoisier,  BerthoUct,  and  Seguin 
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(Annates  de  Ckimie^  torn  iz.  and  xxxiT.)  and  are  both  susceptible  of  ac- 
caracv,  and  a  loss  of  yolume  =  21  per  cent,  of  the  atmospheric  air,  will 
invariably  be  foand  to  have  occurred. 

303.  By  experiments  thus  conducted,  it  has  been  found  that  the 
composition  of  the  atmosphere  is  extremely  uniform  in  all  parts  of  the 
vorldy  and  at  all  heights  above  its  surface  ;  and  that  it  consists  of» 

Bf  Measure.  Bj  Weight. 

Oxygfen 21     23.3 

Nitrogen 79    76.7 

100  100.0 

Though  these  are  the  essential  component  parts  of  atmospheric  air, 
it  contains  other  substances,  which,  however,  may  be  regarded  as  adven* 
titious,  and  the  quantity  of  which  is  liable  to  vary :  of  these,  carbonic 
acid  and  aaueous  vapour  are  the  most  important  and  constant    The 

ciibdnio  tcid  quantity  of  the  former  may  usuaUy  be  considered  as  amounting  to  less 

ui  air.  ^an  ]  ptr  ceni. 

The  presence  of  aqueous  vapour  in  the  atmosphere  is  shown  in>a 

Watcf  i»air.  Variety  of  ways,  but  most  easily  by  exposing  to  it  certain  deliqueacent 
substances^which  liquefy  and  increase  in  weight,  in  consequence  of  its 
riworption ;  and  as  the  gases  in  general,  unless  artificially  dried,  also 
contain  vapour  of  water,  it  is  necessary,  in  delicate  experiments,  and 
in  ascertaining  their  specific  gravity,  to  take  this  ingredient  i^  the 
account,  or  to  separate  it  by  proper  means,  such  as  exposure  to  very* 
deliquescent  substances,  among  which  fused  chloride  of  calcium  (623) 
is  especially  useful. 

The  quantity  of  water  contained  in  air  and  gases  is  subject  to  varia* 
lion.  From  the  experiments  of  Saussure  and  Dalton,  it  appears  that 
100  cubic  inches  of  atmospheric  air  at  57<^,  are  capable  of  retaining 
0.36  grains  of  watery  vapour ;  in  this  state  the  air  may  be  considered 
at  its  maximum  of  humidity  :  it  would  also  appear  that  all  ithe  gases 
take  up  the  same  quantity  of  water  when  under  similar  circumstances, 
and  that  it  consequently  depends,  not  upon  the  density  or  composition, 
b|it  upon  the  bulk  of  the  g^ous  fluid. 

We  are  indebted  to  Mr.  Dalton  for  some  valuable  information  re- 
specting the  state  in  which  water  exists  in  air ;  from  which  it  may  be 
concluded  that  it  is  in  the  state  of  vapour,  forming  an  independent  at- 
mosphere, mixed,  but  not  combined  with,  or  dissolved  in  the  air. 

304.  Ih^roscopes  and  Hygronuiert  are  instruments  which  show  the 
H/fcMtur.  presence  of  vrater  in  the  air,  its  rariation  in  quantity,  and  its  actual 

quantity  existing  in  a  given  bulk  of  air  at  any  given  time.  Saussure 
employs  a  human  hair,  which,  by  its  dilitations«and  contractions  in 
moisture  and  dryness,  is  made  to  turn  an  index ;  Deluc  used  a  thin  strip 
of  whalebone  in  the  same  way ;  Wilson  employs  a  rat^s  bladder,  which 
is  filled  with  mercury,  and  tied  on  to  a  large  thermometer  tube,  and  by 
its  dilatation  and  contraction  causes  the  mercury  to  fidl  and  rise  in  the 
tube,  and  thus  to  indicate  changes  in  the  moisture  of  the  air.  Mr.  Daniell 
has  constructed  an  hygrometer,  which  shows  the  constituent  tempera- 
ture of  the  moisture  in  the  atmosphere,  by  its  precipitation  upon  a  cold 
sur&ce ;  comparing  this  with  the  temperature  of  the  atmosphere,  the 
difference  furnishes  a  datum  for  calculating  the  quantity  of  vapour  in 
>  &y^n  quantity  of  ttr»  and  affords  indication^  usefully  applicable  to 


SULPHim   AND  OXYGEN.  ]  |«| 

predicting  change  of  weather.  A  detailed  account  of  this  instrument, 
and  of  the  observations  made  with  it,  is  given  by  Mr.  Paniell  in  the 
(Quarterly  Journal  ofSmenee,  Vols.  viii.  ix.  and  x. 


Section  III.    Sulphur, 

305.  SuLPHint,  or  brimstone,  is  a  brittle  substance,  of  a  pale  yellow  pnpevtitf. 
colour,  insipid  and  inodorous,  but  exhaling  a  peculiar  smell  when  heat- 
ed.   Its  specifit  gravity  is  1 .990*.    It  becomes  negatively  electrical  by 

beat  and  by  friction! 

Sulpbor  is  priifcipaUy  a  mineral  product,  and  occurs  ciystallieed,  its 
primitive  fortn  being  a  very  acute  octoedron  with  an  oblique  base. 
Its  c%8tals  are  in  a  high  degree  doubly  refractive. 

306.  When  sulphur  is  heated  to  about  180*>,  it  volatilizes,  and  its 
peculiar  odour  is  strong  and  disagreeable  ;  at  225^  it  liquefies  ;  be-  ^^"^^ 
tween  360*  and  400*  it  becomes  viscid,  and  of  a  deep  brown  colour ;  • 
and  at  about  600*  it  quickly  sublimes.    When  slowly  cooled  after 
fasioD,  it  forms  a  fibrous  crystalline  mass.     It  suffers  no  change  by 
exposure  to  air,  and  is  insoluble  in  water.     It  is  met  with  in  masses,  in 

rolls  or  sticks,  and  in  the  form  of  powder,  when  it  is  usually  called  JJjTS!"' 
flowers  iff  sulphur^  or  sublimed  sulphur, 

307.  Sublimed  sulphur,  when  examined  by  a  microscope  appears^  tuiiiset. 
composed  of  minute  crystals;  it  is  always  slightly  sour,  and  hence,  for  "^  ^^  ** 
some  pharmaceutical  purposes,  is  directed  to  be  washed  with  hot  water. 

308.  Massive  sulphur  is  chiefly  brought  to  this  country  from  Sicily ;  ^^  ^^^aio. 
it  occurs  native,  and  is  found  associated  with  sulphate  of  lime,  sul-«d- 
pbate  of  strontia,  and  carbonate  of  lime.     Its  colour  is  various  shades 

of  yellow,  and  the  transparent  crystals  are  doubly  refractive ;  it  is 
not  uncommon  among  volcanic  products. 

309.  Roll-sulphur  is  chiefly  obtained  from  sulphuret  of  copper  in 
(his  coantrr ;  which  is  roasted,  and  the  fumes  received  into  a  long 
chamber  of  brick-work,  where  the  sulphur  is  gradually  deposited : 
it  is  then  purified  by  fusion,  and  cast  into  sticks.  In  this  state,  if 
grasped  by  the  warm  hand,  it  splits  with  a  crackling  noise. 

310.  For  some  pharmaceutical  purposes  sulphur  is  precipitated 
from  its  alcs^e  solutions,  as  from  sulphuret  of -potassa  (656)  by  an 
acid,  and,  when  washed  and  dried,  is  in  the  form  of  a  yellowish-grey 
impalpable  powder ;  it  is  the  milk  of  sulphur  and  precipitated  sulphur 
of  the  Pharmacopmice.  Dr.  Thomson  considers  it  as  a  compound  of 
sulphur  and  water.^-n%s/tfm  of  Chem.  Vol.  i.  2S5. 

^1.  The  purity  of  sulphur  may  be  judged  of  by  heating  it  gra- 
dually upon  apiece  of  platinum  leaf;  if  free  from  earthy  impurities, 
it  should  totally  evaporate.  It  should  also  be  perfectly  •soluble  in 
boiling  oil  of  turpentme. — Aixin's  Dictionary^  Art.  Sulphur. 

312.  Sulphur  and  Oxygen. — Sulphur  forms  two  well-defined  com- unite,  ^iti 
pounds  with  oxygen,  the  sulphurous  and  sulphuric  acids  ;  two  other •«7««n- 

•  TTie  to.  gr.  of  snlphnr  Tapoor  camaneA  with  oacygen,  is  the  nme  or  equal  to  I ;  ndir 
1  X  2 «2  the  atom  of  mdjhnr,  Wl  2  it  jttst  16  times  0,m  (the  atom  of  hydrogen.) 
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compoands  of  sulphur  and  oxygen  have  also  been  described  under  the 
JJp***^  •"names  of  Hyposulpkuraui  and  Hypoiul^huric  Acids;  but  these  caa 
scarcely  be  said  to  exist,  except  in  combination  s^ith  bases,  and  what  is 
known  respecting  them  will  be  found  under  the  articles  HifpostUpkUe 
of  JUme  ^630)  and  HyposiUphate  of  Baryta  (639).  If  they  be  admit- 
ted as  distinct  compounds,  sulphur  may  be  considered  as  susceptible  of 
four  states  of  combination  with  oxygen,  and  these  compounds  will  con* 
sist  respectively  of 

1  Sulphur  +  I        Oxygen  =  Hyposulphurous  acid. 
1  Ditto       +  2        Ditto       =  Sulphurous  acid. 
1  Ditto       +  2.5     Ditto       =  Hyposulphuric  acid. 
1  Ditto       +3  =  Sulphuric  acid. 

• 

313.  Sulphuroui  acid  is  a  gaseous  body,  which  may  be  obtained  by 
several  processes.  It  may  be  procured  directly,  by  burning  sulphur 
in  oxygen  gas  ;  or  indirectly,  by  boiling  mercury  in  sulphuri^acid. 
It  must  be  collected  and  preserved  over  mercury  ;  for  water  talces  up 
rather  more  than  30  times  its  bulk  of  this  gas,  forming  the  liquid  sul- 
phurous acid,  which,  when  recently  prepared,  has  a  sulphurous  as- 
tringent taste,  and  destroys  many  vegetable  colours  ;  but,  by  keeping, 
it  acquires  a  sour  flavour,  and  reddens  the  generality  of  vegetable  blues. 

314.  If  sulphur  be  burned  in  oxygen,  sulphurous  acid  is  produced 
without  any  change  in  the  volume  of  the  gas,  so  that  its  composition  is 
easily  learned  by  the  increase  of  weight ;  and  as  100  cubic  inches  of 
oxygen  (weighing  33.88  grains)  dissolve  33.88  grains  of  sulphur,  it  is 
obvious  that  the  sulphurous  acid  is  composed  of  equal  weights  of  sul- 
phur and  oxygen  ;  and  if  we  regard  it  as  consisting  of  two  proportion- 
als of  oxygen  andwone  of  sulphur,  the  latter  element  will  be  repre- 
sented by  the  number  16  ;  and  the  sulphurous  acid,  consisting  of  1  pro- 
portional of  sulphur  =16,  and  2  of  oxygen  =16,  will  be  represented 
by  32,  which  is  also  its  relative  specific  gravity  to  hydrogen,  consider- 
ing the  latter  as  =  1*;  100  cubical  inches  of  sulphurous  acid  gas  wei^ 
67.76  grains.  This  gas  has  a  suffocating  nauseous  odour,  and  an  as- 
tringent taste  ;  it  extinguishes  flame,  and  kills  animals. 

315.  Sulphurous  acid  suffers  no  change  at  a  red  heat,  but  if  mixed 
with  hydrogen,  and  passed  through  a  red  hot  tube,  water  is  fonned  and 
sulphur  deposited ;  under  the  same  circumstances,  it  is  also  decompos- 
ed by  charcoal,  by  potassium  and  sodium,  and  probably  by  severrf 
other  metals.  Prepared  by  the  combustion  of  sulphur,  it  is  much 
used  for  bleaching  cotton  goods  {Quarterly  Joumai  of  Science^  iv.  196,) 
and  also  for  whitening  siUc  and  wool ;  in  wine  countries  it  is  some- 
times used  to  check  vinous  fermentation. 

316  When  sulphurous  add  is  mixed  in  equal  volume  with  ammonia, 
a  yellowish  salt  is  produced,  which  is  a  sulphite  of  ammonia^  and  which 
consists  of  32  sulphurous  acid  +  17  ammonia.  When  formed  by 
saturating  liquid  ammonia  with  sulphurous  acid,  it  crystallizes  in  four 
and  six-sided  prisms,  soluble  in  their  own  weight  of  water  and  having 
an  acrid  taste.  It  is  deliquescent,  and  becomes  a  sulphate  by  exposure 
to  air. 


*  When  sp.  gr.  of  oiygen »!,  that  of  salphmtNis  wddjss^  this  multiplied  bj  2  gives  4  for 
the  atom  of  thb  acid,  alto  4  u  juStS^  tisies  the  atom  (0.125)  of  bjrdrqgen. 


SULPHURIC   ACID.  113 

317.  Sulphuric  Acid. —  This  body  waft  fonnerly  obtained  by  the  dig. 
dilation  of  green  vitriol,  and  called  oil  of  vitrioL  It  is  now  procured 
in  this  country  by  burning  a  mixture  of  about  8  parts  of  sulphur  and  1 
of  nitre  in  close  leaden  chambers  containing  water,  by  which  the  fumes 
produced  are  absorbed,  and  by  evaporation  the  acid  is  procured  in  a 
more  concentrated  state.  This  improved  method  of  preparing  sul- 
phuric acid  was  invented  by  Dr.  Roebuck,  about  the  year  1746. — 
Parkcs's  Chemical  Essays^  Vol.  ii, — Prefatory  History  of  Chemistry, 
Vol.  i.  p.  3C. 

318.  Sulphuric  acid,  as  usually  met  with,  is  a  limpid  colourless  fluid,  g^p^^o^eg^ 
having  a  specific  gravity  of  1.80  ;  it  boils  at620«>,  and  freezes  at  IS'^jCW. 
contracting  at  the  same  time  considerably  in  its  dimensiops.     But  the 
temperature  at  which  the  diluted  acid  congeals  is  singularly  modified 

by  the  quantity  of  water  which  it  contains.  At  the  specific  gravity  of 
1.78  it  freezes  at  about  40^  ;  but  if  the  density  be  either  increased  or 
diminished,  a  greater  cold  is  required  for  its  congelation  (Kbir,  Irish 
Phil.  Trans,  iv.  88.)  Its  boihng  point  diminishes  with  its  dilution  ; 
acid  of  the  specific  gravity  of  1.78,  boils  at  435',  and  acid  of  the  spe- 
cific gravity  of  1.650  boils  at  350". — Dalton's  Chem.  PhU.  ii.  404. 

it  id  acrid  and  caustic,  and  when  dilated  with  water,  produces  a  very 
sour  liquid.  It  rapidly  absorbs  water  from  the  atmosphere,  and  upon 
sudden  mixture  with  water,  condensation  ensues,  and  much  heat  is  evolv- 
ed. £Fen  a  boiling  temperature,  when  it  is  concentrated,  does  not  pre- 
vent its  takii^  up  moisture  itom  the  air ;  hence  it  cannot  be  concentrated 
so  well  in  an  open  as  in  a  close  vessel,  on  which  account  retort:^ 
of  glass  or  platinum  are  used  for  the  last  stage  of  its  concentration  by 
the  manufacturers. 

It  chars  animal  and  vegetable  substances,  and  is  apt  to  acquire  u 
brown  tinge  from  any  small  particles  of  straw,  resin,  or  other  matters 
that  may  accidentally  have  fallen  into  it. 

319.  In  sulphuric  acid  1  proportional  of  sulphur  =  16,  is  combined 
with  3  of  oxygen  =s  24,  and,  consequently,  dry  Sulphuric  acid  is  cor- 
rectly represented  by  16  -f  24  =  40  ;  but  it  only  exists  m  this  state 
Mike  the  nitric  and  chloric  acids)  when  united  with  bases,  and  in  its  or- 
dinary state  contains  waters  and  may,  therefore,  be  called  hydrated  svU 
pkuric  Acid.  It  has  been  A)und  by  experiment,  that  100  parts  of  sul- 
phuric acid,  specific  gravity|1.85,  contain  18.5  of  water ;  consequently, 
it  may  be  looked  upon  as  composed  of  1  sulphur  +  3  oxygen  +  1 
wat€r  : 

Or  of  16    sulphur 
24    oxygen 
9    water 

49    number  for  liquid  sulphuric  acid. 

100  Parts  of  liquid  sulphuric  acid,  of  the  specific  gravity  of  1.3530, 
contain  37.5  parts  of  dry  sulphuric  acid ;  or  46  of  liquid  acid,  of  the 
specific  gravity  1.85. 

320.  The  strength  of  sulphuric  acid  is  best  judged  of  by  its  saturat- 
ing power,  and  by  its  specific  gravity.  Mr.  Dalton  (New  System  of 
Ckemical  Philosophy,  Vol.  ii.  p.  404,)  has  published  a  Table,  exhibiting 
the  specific  gravity  and  boiling  point  of  the  acid  of  various  strengths. 
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Dr.  Ure  also  has  giTen  several  valuable  tables  relating  to  tlus  subject, 
in  his  ExperimenU  to  determine  the  Law  of  Progression^  followed  in  the 
Density  of  Sulphuric  Acid  at  different  Degrees  of  Dilution  {Quarterly 
Journal  of  Science  and  the  Arts,  Vol.  iv.  p.  114.)  An  extremely  useful 
table  of  this  kind  will  abo  be  found  in  Mr.  Parkes's  Essays  above  quo- 
ted (Vol.  ii.  p.  444.) 

The  following  is  Dr.  Ure's  Table : 


Liquia. 

Sp.  Or. 

Diy. 

Liq. 

Sp.  Or. 

D.y. 

Liq. 

Sp.  Or. 

•Diy. 

100 

1.8485 

81.94 

66 

1.6603 

63.82 

32 

1.2334 

26.09 

99 

1.8475 

80,72 

66 

1.6390 

53.00 

31 

1.2260 

25.28 

98 

1.8460 

79.90 

64 

1.6280 

52.18 

30 

1.2184 

24.46 

97 

1.8439 

79.09 

63 

1,6170 

51.37 

29 

1.2108 

23.65 

96 

1.8410 

78.28 

62 

1.6066 

60.65 

28 

1.2032 

22.83 

96 

1.8376 

77.46 

61 

1.4960 

49.74 

27 

1.1966 

^.01 
21.20 

94 

1.8336 

76.65 

60 

1.4860 

48.92 

26 

1.1876 

93 

1.8290 

75.83 

69 

1.4760 

48.11 

25 

1.1792 

20.38 

92 

1.8233 

75.02 

58 

1.4660 

47.29 

24 

1.1706 

19.57 

91 

1.8179 

74.20 

67 

1.4660 

46.48 

23 

1.1626 

18.76 

90 

1.8115 

73,39 

56 

1.4460 

45.66 

22 

1.1549 

17.94 

89 

1.8043 

72.57 

55 

1.4360 

44.85 

21 

1.1480 

17.12 

88 

1.7962 

71.75 

54 

1.4265 

44.03 

20 

1.1410 

16.31 

87 

1.7870 

70.94 

53 

1.4170 

43.22 

19 

1.1330 

16.49 

86 

1.7774 

70.12 

62 

1.4073 

42.40 

18 

1.1246 

14.68 

85 

1.7673 

69.31 

51 

1.3977 

41.58 

17 

1.1165 

13.86 

84 

1.7570 

68.49 

60 

1.3884 

40.77 

16 

1.1090 

13.06 

83 

1.7465 

67.68 

49 

1.3788 

39.95 

16 

1.1019 

12,23 

82 

1.7360 

66.86 

48 

1.3697 

39.14 

14 

1,0953 

11.41 

81 

1.7245 

66.05 

47 

1.3612 

38.32 

13 

1.0887 

10.60 

80 

1.7100 

66.23 

46 

1.3530 

37.51 

12 

1.0809 

9.78 

79 

1.6993 

64.42 

46 

1.3440 

36.69 

11 

1.0743 

8.97 

78 

1.6870 

63.60 

44 

1.3345 

35.88 

10 

1.0682 

8.15 

77 

1.6750 

62.78 

43 

1.3266 

35.06 

9 

1.0614 

7.34 

76 

1.6630 

61.97 

42 

1.3165 

34.25 

8 

1.0644 

6.52 

75 

1.6520 

61.15 

41 

1.3080 

33.43 

7 

1.0477 

6.71 

74 

1.6415 

60.34 

40 

1.2999 

32.61 

6 

1.0406 

4.89 

73 

1.6321 

59.52 

39 

1.2913 

31.80 

5 

1.0336 

4.08 

72 

1.6204 

58.71 

38 

1.2826 

30^98 

4 

1.0268 

3.26 

71 

1.6090 

57.89 

37 

1.2740 

30.17 

3 

1.0206 

2.446 

70 

1.5975 

57.08 

36 

1.2654 

29.36 

2 

1.0140 

1.63 

69 

1.5868 

56.26 

35 

1.267£ 

28.54 

1 

1.0074 

0.8154 

68 

1.5760 

55.46 

34 

1.2490 

27.72 

67 

1.5648 

54.63 

33 

1.2409 

26.91 

Fonnatiooef      3^1-  '^Reformation  of  sulphuric  acid  by  the  combustion  of  sulphur 
•dphuricMid  an^  nitre  is  as  follows : 

The  sulphur,  by  burning  in  contact  with  atmospheric,  air  forms  svlpka- 
rous  acid.  The  nitre  gives  rise  to  the  production  o{ nitric  oxide,  which, 
with  the  oxygen  of  the  air,  produces  nitrous  acid  gas.  When  these 
I  (t.  e.),  sulphurous  and  nitrous  acids)  are  perfectly  dry,  they  do  not 
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act  apon  each  other,  hot  moisture  being  present  in  small  quantity, 
they  form  a  white  solid,  which  is  instantly  decomposed  when  put  into 
water ;  the  nitrous  acid  reyerts  to  the  state  of  nitric  oxide,  haying 
transferred  one  additional  proportional  of  oxygen  to  the  sulphurous 
acid,  and,  with  water,  producing  the  sulphuric  acid  ;  while  the  nitric 
oxide,  by  the  action  of  the  air,  again  affords  nitrous  acid,  which  plays 
the  same  part  as  before. 
Sulphurous  acid  consists  of 


• 

16 

Own 

8. 

>16;s 


Salphnroiifl  acid 


And  nitrous  acid  contains 


Nittogcn 

OxjKea 

14 

8. 

8. 

8. 

32; « 


NitRMiB^id 
40'. 


hence  eyery  two  portions  of  sulphurous  acid  require  one  of  nitrous  acid, 
which  transfers  two  of  oxygen,  and  passes  back  into  the  state  of  nitric 
oxide,  sulphuric  acid  being,  at  the  same  time,  produced. 

The  gases,  therefore,  before  decomposition,  nay  be  thus  represent- 
ed: 


16 
Vtpcoror 

°*r 

8. 

16 

1    - 

8. 

8. 

!- 


NHrogeii 
14 

Oiygcn 

8. 

8. 

8.      • 

32 


Solplmfoos  scid. 


5itrocis  acid  gas. 
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And  after  decomposition  as  follows : 


Snlphar  vapour 
16 

Or^         , 

8. 

^ 

Sulphur  ▼■poor 

Oijrgen 

8. 

8. 

N^ 

«. 

24"! 


24 


Nitrogen 
14 

Oxygen 

8. 

8. 

^16 


Nitric  oxide. 


he.ue( 


Snlpbaric  acid. 


UtM* 


AnaiTtitbf        ^^^'  The-oecomposition  of  sulphuric  acid  may  be  effected  by  pass- 
■ttipbaneaeid.  ing  it  through  a  red-hot  platinum  tube,  when  it  is  resolved  into  sulphu- 
rous acid,  oxygen,  and  water. 

When  heated  with  charcoal,  sulphuric  acid  gives  rise  to  the  produc- 
tion of  carbonic  and  sulphurous  acids ;  with  phosphorus  it  produces 
phosphoric  and  sulphurous  acids ;  and,  with  sulphur,  sulphurous  acid 
is  the  only  product  It  is  decomposed  by  several  of  the  metals,  which 
become  oxidized,  and  evolve  sulphurous  acid,  as  shown  in  the  produc- 
tion of  this  acid,  by  boiling  sulphuric  acid  with  mercury  (313),  tin,  lead, 

323.  Sulphuric  acid  is  largely  consumed  in  a  variety  of  manufactures. 
It  is  used  by  the  makers  of  nitric,  muriatic,  citric,  and  tartaric  acids ; 
by  bleachers,  dyers,  tin-plate  makers,  brass-founders  and  gilders. 
For  these  purposes  it  is  generally  sufficiently  pure  as  it  comes  from  the 
wholesale  manu&cturer ;  but,  as  traces  of  lead,  lime,  and  potassa,  are 
usuallv  found  in  it,  it  often  requires  to  be  purified  by  distillation  for  the 
use  of  the  experimental  chemist* 

The  distillation  of  this  acid  in  glass  retorts  requires  some  precaution  ^ 
in  consequence  of  the  violent  jerks  which  the  production  of  its  vapour 
occasions,  and  which  often  break  the  vessel ;  this  may  be  prevented 
by  putting  some  strips  of  platinum  into  the  acid  ;  it  then  boils  quietly, 
Bnd  it  is  only  necessary  to  take  care  that  the  neck  of  the  retort  and 
receiver  are  not  broken  in  consequence  of  the  high  temperature  of  the 
condensing  acid.  This  very  useful  contrivance  to  the  practical  che- 
mist  was  first  shoivn  me  by  Mr.  James  SouUi. 

If  the  acid  of  commerce  contain  dissolved  sulphate  of  lead,  it  be- 
comes turbid  on  dilution,  so  that  its  remaining  clear  when  mixed  with 
water,  is  some  proof  of  its  purity,  as  far  at  least  as  lead  is  concerned. 

324.  When  sulphuric  acid  was  procured  by  the  distillation  of  green 
Titriol,  it  was  frequently  observed  that  a  portion  concreted  into  a  white 
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mass  of  radiated  crystals.  The  same  substance  has  also  been  remark* 
ed  as  occasionally  formed  in  the  ^cid  of  the  English  manufacturers. 
It  has  been  called  glacial  or  fuming  sulphuric  acidy  and  is  by  Dr.  Thom- 
son considered  as  the  pure  or  anhydrous  acid  ;  it  appears,  however, 
probable,  that  it  consists  of  sulphuric  acid,  combined  with  a  portion  of 
ralphurous  acid. — See  Sulphate  of  Iron  (738.) 

325.  It  has  long  been  an  object  with  the  manufacturer  to  obtain  sul- 
phuric acid  without  the  aid  of  nitre,  and  a  patent  has  been  obtained  for 
a  process  of  this  kind,  invented  by  Mr.  Hill.  It  consists  in  submitting 
coarsely-powdered  iron  pyrites  (737)  (sulphuret  of  iron,)  to  a  red 
heat,  in  cylinders  communicating  with  a  leaden  chamber  containing 
water ;  the  sulphur,  as  it  bums  out  of  the  pyrites,  appears  at  once  to 
pass  into  the  state  of  sulphuric  acid. 

3!^.  ^aiive  Sulphuric  Acid  has  been  found  by  Professor  Baldassari, 
in  the  cayities  of  a  small  volcanic  hill,  called  Zoccolino,  near  Sienna. 

327.  When  sulphuric  acid  is  dropped  into  a  concentrated  and  hot 
solution  of  iodic  acid,  a  peculiar  compound  is  formed,  which  may  be  lodo-raiphiiric 
tenned  iodo-sulphuric  add;  it  is  yellow,  fusible,  and  crystallizes  on*^^^- 
cooling  in  rhomboids ;  at  a  higher  temperature  it  partly  sublimes,  and 

is  partly  decomposed. 

328.  Sulphuric  Acid  and  AuMnonxor—SulphaU  of  Ammonia — may  be 
obtained  by  passing  ammonia  into  sulphuric  acid ;  but  it  is  usually  pre*  sMkaiu  of 
pared  by  saturating  dilute  sulphuric  &cid  with  carbonate  of  ammonia^  or  ^auMua. 
by  decomposing  muriate  of  ammonia  by  sulphuric  acid.     It  is  the  secret 
sal-anunondac  of  some  old  writers.     This  salt  is  important  as  a  source 

of  the  muriate  of  ammonia,  (292)  which  is  obtained  by  sublimation  from 
a  mixtore  of  common  salt  and  sulphate  of  ammonia ;  by  this  process 
sulphate  of  soda  is  also  formed. 

Sulphate  of  ammonia  dissolves  in  twice  its  weight  of  water  at  60^, 
and  consiats  of  1  proportional  of  sulphuric  acid  ss40  +  1  proportional 
of  ammonia  s  17.  Its  number,  therefore,  is  67.  By  ci78tallization 
it  affords  six-sided  prisms.  Its  taste  is  bitter  and  pungent.  When 
hea^,  it  melts  and  in  part  sublimes,  ammonia  is  given  off,  and  a  supers 
sulphatt  remains,  consisting  of  2  proportionals  of  acid  +  1  of  alcah. 

329.  JVative  Sulphate  of  Ammonia  is  sometimes  found  in  volcanic 
imxlttcts  ;  it  occurs  in  stalactitic  concretions  of  a  whitish  or  yellowish 
colour,  aiid  covered  with  a  white  efflorescence :  it  has  thus  been  pro- 
cored  from  fissures  in  the  earth  surrounding  certain  small  lakes  in 
Tuscany,  near  Sienna ;  and  among  the  products  of  Etna  and  Vesuvius ; 
it  has  been  termed  by  Karsten  Mascagnine^  from  the  name  of  its  dis- 
coverer. 

330.  Sulphur  and  OUorine — Chloride  of  Sulphur.  This  compound 
was  first  described  by  Dr.  Thomson,  in  1804  (Nicuox.son's  Jowma/,  c^Uoride  of 
VoL  vii.)  When  sulphur  is  heated  in  chlorine,  it  absorbs  rather  more  "  ^  ^' 
than  twice  its  weight  of  that  gas.  10  grains  of  sulphur  absorb  30  cu- 
bic inches  of  chlorine,  and  produce  a  greenish-yellow  liquid,  consist- 
ing of  16  sulphur  -I-  36.0  chlorine,  and  represented,  therefore,  by  the 
number  52.  It  exhales  suffocating  and  irritating  fumes  when  exposed 
to  the  air.  Its  specific  gravity  is  1.6.  It  does  not  affect  dry  vegeta- 
ble blues ;  but  when  water  is  present,  it  instantly  reddens  them,  sul- 
phar  is  deposited  and  sulphurous,  sulphuric,  and  muriatic  acids  are 
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formed  in  consequence  of  a  decomposition  of  the  water.     It  dissolves 
sulphur  and  phosphorus. 
Iodide  of  Ml-     331 .  Sulphur  and  Iodine  readily  unite  and  form  a  hlack  crystallizable 
'^"'*  compound,  first  described  by  M.  Gay-Lussac. — Annales  de  Chimie^  91. 

suipfaantted  332.  Sulphur  and  Hydrogen — Sulphuretted  Hydrogen  ga$ — Hydrothi- 
hydcogen.  ^^  ^^^^^ — .pj^-g  gag£QU3  compouud  of  sulphur  and  hydrogen  was  dis- 
covered by  Scheele  in  1777.  It  may  be  obtained  by  presenting  sul- 
phur to  nascent  hydrogen,  which  is  the  case  when  sulphuret  of  iron  is 
acted  upon  by  dilute  sulphuric  acid.  It  may  also  be  conveniently  ob- 
tained by  heating  bruised  sulphuret  of  antimony  in  muriatic  acid. 
'  333.  Sulphuretted  hydrogen  gas  may  be  collected  over  water, 

though,  by  agitation,  that  fluid  absorbs  nearly  thrice  its  bulk.  It  has  a 
peculiarly  nauseous  fetid  odour,  resembling  that  of  rotten  eggs.  Its 
specific  gravity*  to  hydrogen  is  as  17  to  1.  100  cubic  inches  we^h  36 
grains.  It  is  inflammable,  and  during  its  slow  combustion,  sulphur  is 
deposited,  and  water  and  sulphurous  acid  formed.  It  extinguishes 
flame.  When  respired,  it  proves  fatal ;  and  it  is  very  deleterious,  even 
though  largely  diluted  with  atmosj^eric  air.  It  exists  in  some  mineral 
waters. 

334.  The  aqueous  solution  of  sulphuretted  hydrogen  is  transparent 
>  and  colourless,  but  if  exposed  to  air  it  deposits  sulphur  and  the  gas  es- 
capes. It  is  an  exceedingly  delicate  test  of  the  presence  of  most  of 
the  metals,  with  which  it  fonn^  coloured  precipitates.  It  reddens  in- 
fusion of  litmus  ;  and  as  it  combines  with  the  greater  number  of  salifi- 
able bases,  it  has  by  some  been  regarded  as  an  acid.  Gay-Lussac  has 
termed  it  hydrondphuric  acid, 

335.  When  one  volume  of  sulphuretted  hydrogen,  and  1.5  of  oxy- 
gen are  inflamed  in  a  detonating  tube,  1  volume  of  sulphurous  acid  is 
produced,  and  ws(ter  is  formed.  Thus  the  sulphur  is  transferred  to  1 
volume  of  the  oxygen,  and  the  hydrogen  to  the  half  volume.  Sul- 
phuretted hydrogen,  therefore,  consists  of  16  sulphur  +  1  hydrogen^ 
and  its  number  is  1 7.  Sulphuretted  hydrogen  may  ako  be  decomposed 
by  the  Voltaic  flame,  in  the  apparatus  shown  at  page  80,  or  by  muc- 
cession  of  electric  sparks.  Its  volume  is  unchaojged,  but  theM^hur 
18  thrown  dovni. 

336.  Chlorine  and  iodine  instantly  decompose  sulphuretted  hydro- 
gen ;  sulphur  is  deposited,  and  muriatic  (248)  and  hydriodic  (259) 
acids  are  formed.  It  b  also  decomposed  by  the  metal  potassium, 
which  absorbs  ^e  sulphur  and  liberates  pure  hydrogen,  when  heated 
in  the  gas.  Nitric  acid  poured  into  the  gas  occasions  a  deposition  of 
sulphur,  and  nitrous  acid  and  water  are  formed. 

337.  When  sulphuretted  hydrogen  is  mixed  with  its  volume  of  nitric 
oxide  over  mercury,  a  diminution  of  bulk  ensues,  in  consequence  of 
the  production  of  water ;  sulphur  is  deposited  and  nitrous  oxide  remains 
in  the  vessel. 

338.  When  two  volumes  of  sulphuretted  hydrogen  are  mixed  in  an 
exhausted  balloon  with  one  of  sulphurous  acid,  they  mutually  decom- 
pose each  other,  occasioning  the  production  of  water,  and  the  deposi- 
tion of  sulphur ;  if  the  gases  be  perfectly  dry,  the  action  is  slow. 


*  When  die  sptdfic  gmvitjr  of  oxygen:^  1 ;  that  of  sulph.  li]rdrog«n«1.0G8S,  now  twice 
wk  or  a.135  is  tbe  atom,  and  2.125  is  just  17  tmiet  0.125  (the  atom  of  b/drogen.) 
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339.  SulphureiUd  hydrogen  and  ammonia  readily  unite  in  equal  vo-     ^^ 
iiimes,  and  produce  hydrostdphuret  of  ammonia.     At  first  white  fumes  nfof  mmS^ 
appear,  which  become  yellow,  and  a  yellow  crystallized  compound  re-  *^ 
salts,  consisting  of  17  sulphuretted  hydrogen,  -{-  17  ammonia.     It  is  of 

much  use  as  a  test  for  the  metals,  and  may  be  procured  by  distilling  at 
Dearly  a  red  heat,  a  mixture  of  6  parts  of  slacked  lime,  S  of  muriate  of 
ammonia,  and  1  of  sulphur. 

340.  The  following  is  the  disposition  of  the  apparatus  for  this  expe- 
riment :  a,  a  small  furnace  :  6,  a  tubulated  eailhen  retort  containing 
the  above  materials ;  c,  an  adapting  tube  ;  e,  a  glass  balloon  for  con- 
densing the  vapour ;  /,  a  receiver ;  g,  a  bottle  of  water,  into  which 
the  ^lass  tube,  issuing  from  the  upper  part  of  the  receiver,  e,  is  made 
to  dip  about  half  an  inch. 


The  product  in  the  bottle/  may  be  mixed  with  the  water  ing,  and 
the  whole  used  for  washing  out  &e  receiver  e.  In  its  concentrated 
state,  this  compound  exhales  white  fumes,  as  was  first  remarked  by 
Boyle,  whence  it  was  termed  Boyle's  Fuming  Ldquor^  or  Volatile  Liver 
ffSdphur,  It  is  a  deep  yellow  Uquid,  smelling  like  a  mixture  of  sul- 
phuretted hydrogen  and  ammonia. 

When  kept  in  common  white  glass  vessels  it  renders  them  brown  or 
black,  in  consequence  of  its  action  on  the  oxide  of  lead  which  the  glass 
contains. 

341.  Another  compound  of  hydrogen  and  sulphur  which  has  been 
cabled  mfersulphurettedhydrogen^  is  described  in  most  books  as  a  liquid 
formed  by  adding  muriatic  acid  to  a  solution  of  sulphuret  of  potassa, 
and  it  is  said  to  consist  of  two  proportionals  of  sulphur  =  32+1 
of  hydrogen  =3  1.     I  have,  however,  never  been  able  to  obtain  it. 

342.  §idphur  and  Nitrogen  do  not  form  any  definite  compound, 
thou^  the  nitrogen  evolved  during  the  decomposition  of  certain  ani- 
mal substances,  often  seems  to  contain  sulphur. 

343.  Sulphur,  in  its  ordinary  state,  always  contains  hydrogen,  which 
it  gives  off  during  the  action  of  various  bodies  for  which  it  has  a  pow- 
erful attraction.  Thus,  if  equal  weights  of  sulphur  and  copper  or 
iron-filings  be  introduced  into  a  retort,  and  heated,  a  quantity  of  hydro- 
gen, mixed  with  sulphuretted  hydrogen,  is  evolved  at  the  period  of 
their  combination. 
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Section  IV.    Phosphorus, 

Metfcodofpw-  344.  Phosphorus  is  obtained  by  distilling  concrete  phosphoric  aoid 
with  half  its  weight  of  charcoal  at  a  red  heat.  This  mixture  is  put 
into  the  coated  earthen  retort  a,  placed  in  the  small  portable  furnace  b ; 
the  tube  of  the  retort  should  be  immersed  about  half  an  nch  into  the 
basin  of  water  c.    A  great  quantity  of  gas  escapes,  some  of  which  is 


paruBS* 


spontaneously  inflammable,  and  when  the  retort  has  obtained  a  bright 
red  heat,  a  substance  looking  like  wax,  of  a  reddish  colour,  passes 
over  :  this,  which  is  impure  phosphorus  may  be  rendered  pure  by 
melting  it  under  warm  water,  and  squeezing  it  through  a  piece  of  fine 
shamoy  leather  :  but  great  care  must  be  taken  that  none  adheres  to 
the  nails  or  fingers,  which  would  inflame  on  taking  them  out  of  the  wa- 
ter, and  produce  a  painful  and  troublesome  burn.  It  is  usually  form- 
ed into  sticks,  by  pouring  it,  when  fluid,  into  a  funnel  tube  under  water. 

345.  In  performing  this  distillation,  a  high  temperature  is  required, 
so  that  the  furnace  should  be  sufficiently  capacious  to  hold  a  body  of 
charcoal  piled  up  above  the  retort,  which  as  earthenware  becomes 
permeable  to  the  vapour  of  phosphorus  at  a  red  heat,  must  be  coated 
with  a  mixture  of  slaked  lime  and  solution  of  borax  ;  this  mixture  may 
be  laid  on  with  a  brush,  in  two  or  three  successive  coats,  and  forms  an 
excellent  vitrifiable  ItUe. 

346.  When  pure,  phosphorus  is  nearly  colourless,  seroitransparent, 
and  flexible.  *It8  specific  gravity  is  1.770.  It  melts,  when  air  is  ex- 
cluded, at  105*.     If  suddenly  cooled  after  having  been  heated  to  140", 


*  Th«  specific  ffr.  qfpkuphorus  t 
now  this  multipliea  by  %  gives  1.5  tor  t 

(atom  of  bydrpgea.) 


with  oxjgen,  as  the  standard  is  0.75 ; 
«Dd  1.5  is  just  12  times  0.125 
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it  becomes  black  ;  but  if  slowly  cooled,  remains  colourless*  At  550'  it 
boils,  air  being  excluded,  and  rapidly  evaporates.  When  exposed  to 
air,  it  exhales  luminous  fumes,  having  a  peculiar  alliaceous  odoi^r ;  it  is 
tasteless,  and  insoluble  in  water,  but  proves  poisonous  when  taken  into 
the  stomach  (Orfila,  TraiU  des  Poisons^  II.,  P,  ii.,  p.  186.)  In  pure 
mtrogen,  phosphorus  is  not  in  the  least  luminous  at  any  temperature. 

347.  At  a  temperature  of  about  100<»  phosphorus  takes  fire,  and 
barns  with  intense  brilliancy,  throwing  off  copious  white  fumes.  If, 
instead  of  burning  phosphorus  with  free  access  of  air^  it  be  heated  in  a 
confined  portion  of  very  rare  air,  it  enters  into  less  perfect  combustion, 
and  three  compounds  of  phosphorus  with  oxygen  ;^re  the  result,  each 
characterized  by  distinct  properties.  The  first  is  a  red  solid,  leas 
fusible  than  phosphorus  ;  the  second  is  a  white  substance,  more  vola- 
tile than  phosphorus  ;  the  third,  a  white  and  more  fixed  body. 

348.  The  red  solid  consists  of  a  mixture  of  phosphorus  and  oxide 
of  phosphorus.  Chide  of  Phosphorus  is  the  white  substance  with  which 
phosphorus  becomes  incrusted  when  kept  for  some  time  in  water.  It 
is  very  inflammable,  and  less  fusible  and  volatile  than  phosphorus. 
It  is  this  substance  which  is  generally  used  in  i}ie  phosphoric  match- 
boxes.  To  prepare  it  for  this  purpose,  a  piece  of  phosphorus  may  be 
put  into  a  small  pbial,  and  melted  sgnd  stirred  about  with  a  hot  iron 
wire  so  as  to  coat  its  interior.  A  portion  of  the  phosphorus  is  thus 
oxi^zed  by  its  imperfect  combustion,  and  a  small  quantity  taken  out 
upon  the  end  of  a  brimstone  match,  instantly  inflames  upon  coming  into 
the  contact  of  the  air. 

349.  Phosphorus  and  Oxygen, — ^Besides  the  oxide  of  phosphorus,  unjoBwitfc 
which  has  just  been  alluded  to,  there  are  three  iici<^  compounds  of  phos-osjgvo. 
phoms  and  oxygen,  which  have  been  termed  hypaphaephorous^  phospko^ 

rousj  and  phosphoric  acids. 

350.  Hypophosphwrous  Acid  was  discovered  by  M.  Dulong,  (Annahs 
de  Chitaie  et  Physique^  Vol.  ii.  p.  141).  It  is  prepared,  as  follows  : 
Upon  1  part  of  phMphtret  of  barium  (643)  pour  4  parts  of  water,  and 
when  tl^  evdution  of  phosphuretted  hydrc^en  gas  has  ceased,  pour  the 
whole  upon  a  filter.  To  the  filtered  liquid  add  sulphuric  acid  as  long 
as  any  precipitate  ferms  ;  separate  the  precipitate,  which  is  a  com- 
pound of  sulphuric  acid  and  baryta,  and  the  clear  liquor  now  contains 
the  hyp^^hosphorous  acid  in  solution. 

When  concentrated  by  evaporation,  a  sour  viscid  liquid  is  obtained, 
incapable  of  crystallization,  and  eagerly  attractive  of  oxygen. 

'  351.  Phosphorous  Acid  was  first  examined  in  its  pure  state,  by  Sir  H. 
Davy.  It  is  best  obtained  by  mixing  chloride  of  phosphorus  (364)  with 
water  and  filtering  and  evaporating  the  solution,  when  a  white  crystal- 
hzed  solid  is  obtained,  of  a  sour  taste  and  very  soluble.  This  body 
consists  of  phosphorous  acid  combined  with  water,  and  has,  therefore, 
been  catted  hydro-phosphorous  acid. 

352.  Phosphoric  Addmsij  be  formed  by  burning  pK\)sphorus  in  ex- 
cess of  oxygen.  There  is  intense  heat  aid  light  produced,  and  white 
deliquescent  flocculi  Une  the  interior  of  the  receiver.  It  is  produced 
in  the  same  way  by  burning  phosphorus  under  a  dry  bell-glass  in  atmos- 
pheric air.  Phosphoric  acid  may  also  be  obtained  by  acting  upon  phos- 
phorus bj  nitric  acid  :  in  this  case,  if  the  action  be  at  all  intense,  a 
portion  oi  ammonia  is  at  the  same  time  produced,  which  is  found  in  thQ 
state  of  phosphate  of  ammonia  in  solution.    About  six  parts  of  nitrio 
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acid,  specific  gravity  1.4,  are  introduced  into  a  tubulated  retort  placed 
in  a  sand  heat,  with  a  tubulated  receiver  luted  on  to  it,  the  stopper  of 
which  should  be  open.  When  the  acid  is  warm,  drop  into  it  gradually 
one  part  of  phosphorus  in  small  pieces  ;  red  nitrous  vapour  is  instantly 
disengaged,  and  when  its  evolution  ceases,  put  the  stopper  loosely  into 
die  receiver,  and  distil  till  the  residue  in  the  retort  acquires  the  consist- 
ence of  syrup  ;  pour  it  into  a  platinum  crucible,  and' give  it  a  dull  red 
heat :  it  is  pure  phosphoric  acid. 

353.  The  exposure  of  phosphate  of  ammonia  (360)  to  a  red  heat  in 
a  platinum  crucible,  also  affords  very  pure  phosphoric  aeid. 

354.  For  the  pui^ose  of  procuring  phosphorus,  phosphoric  acid  is 
most  economically  obtained  by  the  decomposition  of  bone  earthy  which 
consists  chiefly  of  phosphate  of  lime.  The  following  is  the  mode,  of 
proceeding : 

On  20  pounds  of  calcined  bone,  finely  powdered,  pour  20  quarts  of 
water,  and  8  pounds  of  sulphuric  acid,  diluted  with  an  equal  weight  of 
water.  Let  these  materials  be  stirred  together,  and  simmered  for 
about  6  hours.  Let  the  whole  be  then  put  into  a  conical  bag  of  linen 
to  separate  the  clear  liquor,  and  wash  the  residuum  till  the  water 
ceases  to  taste  acid.  Evaporate  the  strained  liquor,  and  when  reduced 
to  about  half  its  bulk,  let  it  cooL  A  white  sediment  will  form  which 
must  be  allowed  to  subside  ;  the  clear  solution  must  be  decanted,  and 
boiled  to  dryness  in  a  glass  vessel.  A  white  mass  will  remain,  which 
may  be  fused  in  a  platinum  crucible,  and  poured  out  into  a  clean  cop- 
per dish.  A  transparent  glass  is  obtained,  consisting  of  phosphoric 
acid  with  some  phosphate,  and  a  little  sulphate  of  lime. 

355.  Phosphoric  acid  is  a  deliquescent  substance,  and  when  in  the 
flooculent  state,  as  obtained  by  burning  phosphorus  under  a  dry  bell- 
glass,  it  dissolves  in  water  with  a  hissing  noise  and  excites  great  heat 
when  a  small  particle  is  put  upon  the  tongue  ;  when  fused  it  has  been 
called  glacial  phosphoric  acid.  It  is  inodorous,  very  sour,  volatile  at 
a  bright  red  heat,  out  unchanged  by  it.  As  commonly  prepared,  it  is 
an  unctuous  fluid.  Specific  gravity  =  2.  (Thomson's  chem.  ^ves 
2.687  for  dry  phosphoric  acid.) 

356.  The  composition  of  these  acids  of  phosphorus  has  been  va- 
riously given  by  difierent  chemists.  Sir  H.  Davy's  most  recent  ex- 
periments upon  this  subject,  (P^t7.  Tram,  181 8,)  appear  to  furnish  the 
least  exceptionable  results,  and  he  has  stated  them  thus : 

Hypophosphorous  acid,  Fboephorus  45,  Oxygen  15 

Pbospoorous  acid 45 30 

Phoqihoric  acid 45 60 

If  these  numbers  be  reduced  to  the  equivalents  which  I  have  em- 
ployed, the  number  representing  phosphorus  would  be  12.  The  hy- 
pophosphorous  acid  would  then  consist  of  two  proportionals  of  phos- 
phorus =  24,  and  one  proportional  of  oxygen  «  8.  The  phosphorous 
acid  of  one  of  oxygen  and  one  of  phosphorous  ;  and  the  phosf^onc 
of  one  and  two. 

From  some  experiments  which  I  made  in  1816  upon  the  quantity 
of  oxygen  absorbed  by  phosphorus  during  its  conversion  into  phos- 
phoric acid,  by  burning  it  in  great  excess  of  oxygen,  I  was  induced  to 
believe  that,  at  mean  temperature  and  pressure,  each  grain  of  phos- 
.  I^onis  condensed  rather  less  than  4.5  cubic  inches  of  oxygen,  which 
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woHid  pve  a  result  differing  from  that  of  Sir  H.  Davy.  On  the 
whole,  however,  I  am  inclined  to  believe  the  results  of  his  experiments 
less  liable  to  fiiUacy  than  my  own ;  and  adopting  the  number  12  as  re- 
presentative of  phosphorus,  the  phosphorous  acid  will  consist  of  one 
proportional  of  phosphoms  «=  12,  and  one  of  oxygen  =s  8,  and  will  be 
represented  by  the  number  20  :  and  the  phosphoric  acid  containing 
one  proportional  of  phosphorus  and  two  of  oxygen,  12  +  16,  will  be 
represented  by  28. 

357.  When  phosphorus  is  exposed  to  a  moist  atmosphere,  it  under- 
j;oes  an  apparent  deliquescence,  producing  a  sour  liquid  composed  of 
phosphorous  and  phosphoric  aci<k  and  water.  M.  Dulong  has  called 
this  phosphatic  acid. 

368.  Phosphite  of  Ammonia  may  be  obtained  in  delicate  tabular 
crystals,  decomposable  by  heat,  and  very  soluble. 

359.  Hypophosphite  of  Ammonia  has  not  been  examined.  Union  with 

360.  Phosphate  of  Ammonia  is  a  common  ingredient  in  the  urine  ©f *™~"*^ 
carnivorous  animals.     It  may  be  obtained  pure  by  saturating  phos- 
phoric acid  with  ammonia ;  it  forms  permanent  octoedral  crystals  so- 
labie  in  two  parts  of  water  at  60^,  and  of  a  bitterish  saline  taate, 
specific  gravity  1.8051.  (Thomson's  chem:) — 

It  consists  of 28  acid 

17  ammonia 

45 

This  salt  is  the  best  source  of  pure  phosphoric  acid,  for  if  it  be  ex- 
posed to  a  red  heat  in  a  platinum  vessel,  the  ammonia  evaporates,  and 
the  acid  is  obtained  in  the  form  of  a  transparent  glass,  very  deliquescent 
and  pure.  The  phosphate  of  ammonia  fqr  this  purpose  may  be  con- 
veniently and  economically  prepared  by  saturating  the  impure  acid  ob- 
tained from  bones  (354)  wiUi  carbonate  of  ammonia,  filtering  and  eva- 
porating to  dryness. 

361.  Phosphorus  and  Chlorine, ^^The^e  elements  unite  in  two  pro- ^nj^^  ^ji, 
portions,  forming  two  definite  compounds,  the  chloride  and  perchlpridechinnin, 
of  phosphorus. 

362.  When  phosphorus  is  submitted  to  the  action  of  chlorine,  it 
bums  with  a  pale  yellow  fiame,  and  produces  a  white  volatile  com- 
pound, which  attaches  itself  to  the  interior  of  the  vessel,  and  which  is 
iheperchloride  of  phosphorus.  This  substance  was  long  mistaken  for 
pbo«phoric  acid,  but  its  easy  volatility  is  alone  sufficient  distinction ; 
it  rises  in  vapour  at  200^.  It  is  fusible  and  crystallizaUe :  and  when 
hroi]^t  into  the  contact  of  water,  a  mutual  decomposition  is  effected, 
(366)  and  phosphoric  and  muriatic  acids  result.  When  passed  through 
a  red-hot  porcelain  tube  with  oxygen,  phosphoric  acid  is  produced  and 
chlorine  evolved,  which  shows  that  oxygen  has  a  stronger  attraction 
for  phosphorus  than  chlorine. 

When  phosphorus  is  burned  in  chlorine,  one  grain  absorbs  8  cubic 
inches ;  so  that  the  compound  formed  must  be  regarded  as  containing 
1  proportional  of  phosphorus,  and  2  of  chlorine,  or  12  of  phosphorus 
+  72  of  chlorine,  and  its  number  is  84. 

363.  With  ammonia  perchloride  of  phosphorus  forms  a  singular 
compound,  which,  though  consisting  of  three  volatile  bodies,  remains 
anchanged  at  a  white  heat,  and  is  insoluble  in  water. 


124  RTOROOimilT   OF    PHOSPBORV8. 

364,  Chloride  of  Pkoiphorvs^  consisting  of  1 2  phospfaonn  +  S6chhH 
rine,  is  procured  by  distiUing  a  mixture  of  phosp'ionis  and  €orrp9rv€ 
$ubl%7natey  which  is  a  perchloride  of  mercury.  In  this  experiment  ca^ 
lomel^  or  protochloride  of  mercury,  is  formed,  and  the  phosphoma 
combines  with  one  proportional  of  chlorine. 

366.  The  chloride  of  phosphorus,  when  first  obtained,  is  a  liquid  of 
a  reddish  colour :  but  it  soon  deposits  a  portion  of  phosphoniSt  and 
becomes  limpid  and  colourless.  Its  specific  gravity  is  1 .45.  Expos- 
ed to  the  air  it  exhales  acid  fumes :  it  does  not  change  the  colour  of 
dry  vegetable  blues.  Chlorine  converts  it  into  perchloride.  Ammo- 
nia separates  phosphorus,  and  produces  the  singular  triple  compound 
before  adverted  to  (363.) 

366.  Chloride  of  phosphorus  acts  upon  water  with  great  energy,  and 
produces  muriatic  and  pkosphoroui  acids,  while  the  perchloride  pro* 
duces  muriatic  and  phosphoric  acids :  for,  as  in  the  perchloride  there 
are  two  proportionals  ot  chlorine,  so  in  acting  upon  water,  two  of  oxy- 
gen must  be  evolved,  which  uniting  to  one  of  phosphorus  generate 
frtiosphoric  acid.  The  chloride  of  phosphorus,  on  the  contrary,  con'> 
taining  only  one  proportional  of  chlorine,  produces  muriatic  acid  and 
phosphorous  acid,  when  it  decomposes  water,  as  the  following  tables 
show: 


Before  decomposition 

Chloride 
of  Pbosp. 

1  Chlorine  =  36  >  48.  I     1  Hydrog.  =  1   } 
1  Phospho.  ==  12  $        I     1  Oxygen  =  8.  J 

After  decomposition. 

MurUtic  Phdsp 

^  AcW.  Ae\ 

1  Chlorine  =  36  >  ^.^  I     1  Phospho.  =  12  ^  ^^ 
1  Hydrog.  ==    1  $  ^^  I     1  Oxygen     =    8  p^ 


o?^l^l  W.ter. 


But  the  phosphorous  acid,  thus  produced,  alwsgrs  contains  water, 
which  it  throws  off  when  heated  in  ammonia,  forming,  with  thatalcali, 
a  dry  phosphite.  This  experiment  showa  that  the  kydrophosphorou^ 
add  consists  of  2  proportionals  of  phosphorous  acid  =  40+1  water 
s:  9,  its  number  is  therefore,  49. 
Union  with  ^^'^'  Phosphorus  and  Iodine. — When  these  substances  are  broQght 
iodiM.  together  in  an  exhausted  vessel,  they  act  violently,  and  form  a  reddisb 
compound ;  the  iodide  of  phosphorus  decomposes  water  with  great  en- 
ergy, and  produces  phosphorous  and  hydriocbc  acids  (257.)  It  consists 
of  12  phosphorus  +  126,  iodine  =  137. 

368.  Periodide  of  phosphorus  is  a  black  compound,  forined  by  heating 
one  part  of  phosphorus  with  rather  more  than  20  of  iodine.     It  consists 
according  to  Or.  Thomson,  of  1  proportional  of  phospbenu  +  2  <^ 
iodine.     It  does  not  decompose  water. 
typion  ^th       369.  Phosphorus  and  Hydrogen. — Phosphureited  Hydrogen, — Hydro- 
iiHNgcife     guret  of  Phosphorus. — ^When  phosphorus  is  presented  to  nascent  hy- 
drogen, two  gaseous  compounds  result.     The  one  inflames  spontane- 
'  ously  upon  the  contact  of  the  atmosphere*     This  may  be  procured  by 
heating  phosphorus  in  a  solution  of  caustic  potassa ;  or  better,  by  act* 
ing  upon  phosphurei  of  lime  (636)  by  dilute  muriatic  acid.    In  the  for- 
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aer  case  about  a  quarter  of  an  ounce  of  phosphorus  should  be  intro- 
dttced  into  a  small  retort,  capable  of  holing  about  four  ounces  of  wa- 
ter ;  it  should,  then  be  completely  filled  with  a  moderately  strong  solu- 
tion of  potassa,  and  the  beak  being  placed  under  the  shelf  of  the 
pneumatic  apparatus,  the  heat  of  an  Ai^;and  lamp  carefolly  aj^lied  till 
it  boils :  gas  will  gradually  be  generated  so  as  to  expel  a  portion  of  the 
akahne  s^otion,  and  ultimately  to  bubble  up  throu^  the  water. 

370.  For  obtaining  this  gas  by  the  second  process,  Dr.  Thomson 
gives  the  foUowii^  directions  :  Fill  a  small  retort  with  water  acidulated 
by  muriatic  acid,  and  then  throw  into  it  a  quantity  of  phosphuret  of 
lime  in  lumps.  Plunge  the  beak  of  the  retort  under  water,  and  place 
oyer  it  an  inverted  jar  filled  with  that  liquid.  Phosphuretted  hydrogen 
gas  is  extricated  in  considerable  quanti^,  and  soon  fills  the  glass  jar. 
Half  an  ounce  of  phosphuret  of  lime  yields  about  70  cubic  inches  of 
this  gas. — Thomsoic's  i%<<efii,  Vol.  i.,  272. 

37  ] .  This  gas  is  colourless,  has  a  nauseous  odour  like  onions,  a  rery 
bitter  taste  and  inflames  when  mixed  with  air,  a  property  which  it  loses 
by  being  kept  over  water ;  water  takes  up  sd>out  two  per  ceni.  of  this 
gas,  and  acquires  a  bitter  taste,  and  the  smell  of  omons. 

372.  When  bubbles  of  phosphuretted  hydrogen  are  sent  up  into  a 
jar  of  oxygen,  they  bum  with  greatly  increased  splendour  ;  in  chlorine 
too  they  bum  with  a  beautiful  pale  blue  light,  forming  muriatic  acid 
and  perchloride  of  phosphorus.  In  a  narrow  tube  it  may  be  mixed 
with  oxygen  without  exploding,  in  which  case  it  is  deprived  of  its 
phosphorus  without  suffering  any  change  of  bulk.  It.  bums  when 
thrown  op  into  nitrous  oxide. 

373.  For  our  knowledge  of  the  composition  of  th^s  gas,  we  are 
chiefly  indebted  to  Dr.  Thomson,  who  has  shown  that  the  hydrogen 
sttfiers  no  change  of  bulk  in  uniting  to  the  phosphoms ;  so  that  the 
diflerence  of  weight  between  this  gas  and  pure  hydrogen,  indicates  the 
weiglii  of  phosphorus  :  100  cubic  inches  of  phosphuretted  hydrogen 
weigh  27.627  grains  ;  hence  the  gas  may  be  regarded  as  containing 
one  proportion^  of  phosphorus  and  one  of  hydrogen,  or  12+1=13*. 

When  phosphuretted  hydrogen  is  mixed  with  oxygen,  it  requires  a 
volume  and  a  half  of  the  latter  gas  for  its  perfect  combustion  ;  and  as 
the  hydrogen  would  require  half  its  volume  of  oxygen  forthe  produc- 
tion of  water,  the  remaining  volume  must  unite  to  the  phosphorus  to 
produce  phosi^oric  acid. 

374.  Bikfdrogurei  of  Photphartu. — Hydropkoiphoric  Gas. — ^The 
next  compound  of  phosphorus  and  hydrogen  has  been  called,  by  Sir 
H.  Davy,  kydropho^kanc  gas.  It  is  procured  by  heating  the  solid 
hydrophosphorus  acid  in  a  very  small  retort.  The  gas  must  be  col- 
lected  over  mercury,  for  water  absorbs  one-eighth  its  volume.  Its 
specific  gravity  to  hydrogen  is  as  14  to  1.  100  cubical  inches  weigh  29. 
646  grains*  It  is  not  spontaneously  inflammable,  but  explodes  when 
heated  with  oxygen.  It  inflames  spontaneously  in  chlorine,  one  vol- 
ume requiring  four  of  chlorine  for  its  perfect  combustion.  Its  smell 
is  less  disagreeable  than  the  former.    It  consists  of  2  of  hydrogen  and 

te      p 
I  of  phosphorus  2+12=14  ;  but  the  two  volumes  of  hydrogen  are 

•  Wbcn  sa  rr.  of  osma^  1^  tha-  of  phctopfaonis  hydngen  «  0.S125,  this  naultmHed  by  2 
grr««l.e36&'%e  atom  of  phos.  byd.  aUoI.^  la  just  13  tenei  0.125  (atom  of  bydrofn.) 
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iTniOB  with 
nitrogen. 


Uoioo  with 
wilphur. 


condensed  into  one  ;  consequently,  when  the  gas  is  decomposed,  as  for 
instance,  by  subliming  sulphur  in  it,  two  volumes  of  sulphuretted  hy< 
drogen  are  formed*. 

375.  When  hydrophosphorous  acid  is  decomposed  for  the  produc- 
tion of  this  gas,  phosphoric  acid  is  always  generated.  Hydrophos- 
phorous acid  has  been  stated  (366)  to  contain  two  proportionals  of 
phosphorous  acid  -f*  one  of  water.     Hence  the  elements 


24  pboephanu 
16  oxygen 


s  phosphotoin  ttcidy 


iaw»ter, 


8      do. 
1  hydrogen 

or  49.0  pftrts  of  hydrophospboroiii  acid 

24    phosphorus 
24    oxygen 
1    hydrogen. 

The  three  proportionals  of  oxygen  ss  24,  will  require  one  propor- 
tional and  a  half  of  phosphorus  =  18,  to  form  phosphoric  acid ;  and 
the  remaining  half  proportional  of  phosphorus  will  unite  to  the  one  of 
hydrogen  to  form  hydrophosphoric  gas. 

To  aroid  fractions  the  phaenomena  may  be  stated  thus : 
Four  proportionals  of  hydrophosphoric  acid  contain 


4  phospfaoras                     a 

48 

4  oxygen                            — 

32 

2      do.            )      in  the    a 
2  hydrogen      5      water    >» 

,     1« 

2 

The  whole  of  the  oxygen,  amounting  to  6  proportionals  (t.  e.,  8  X 
6  =£  48),  unites  to  three  proportionals  of  phosphorus  (12  X  3  ~  36), 
to  form  phosphoric  acid.  The  two  of  hydrogen  =  2,  combine  with 
the  remaining  proportional  of  phosphorus  =  12  to  form  hydrophos- 
phoric gas. 

376.  Phosphorus  (tnd  Nitrogen  produce  no  definite  compound, 
though  in  some  cases  of  animal  decomposition  the  erolred  nitrogen 
appears  to  hold  phosphorus  in  solution. 

377.  Phosphorus  and  Sulphur  may  be  readily  united  by  fusion  in  an 
exhausted  ressel.  When  one  proportional  of  phosphorus  is  united  to 
one  of  sulphur  (12+16),  the  compound  bears  a  high  temperature 
without  decomposition.  It  is  a  crystallizable  solid  at  temperatures 
below  50**. —  Faradat.     Journal  of  Science^  Vol.  iv.  p.  361. 

378.  By  acting  upon  fused  phosphorus  by  the  Voltaic  spark,  it  al- 
ways affords  a  small  portion  of  hydrogen  gas ;  this  gas  is  also  evolved 
from  it,  as  from  sulphur  (343)  during  its  union  with  some  of  the  me- 
tals. 


Sectioit  V.     Carbon. 


Vitmond.         379.  The  purest  form  of  this  elementary  substance  is  the  diamond, 
a  mineral  body  first  discovered  in  Asia,  in  the  provinces  of  Golconda 

*  Sp.  ST.  of  this  gas  to  6xygen  is  as  875 :  1  now  0.875  X  2=  1.75  Che  atom  of  Inbydro?. 
phos:— this  1.75  is  just  14  tiioes  0.1^  or  the  atom  of  hydrogtn. 
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and  VisapouT  in  Bengal,  aod  in  the  island  of  Borneo.  About  the  year 
1720,  diamonds  were  first  found  in  the  district  of  Serra  Dofrio,  in 
Brazil.  They  always  occur  in  detached  crystals  in  alluvial  soil.  The 
primitiTe  form  of  the  diamond  is  the  regular  octoedron,  each  triangu- 
lar fitcet  of  which  is  sometimes  replaced  by  six  secondary  triangles,  * 
bounded  by  curved  lines  ;  so  that  Uie  crystal  become  spheroidal,  and 
presents  48  fiicets.  Diamonds,  with  1 2  and  24  facets,  are  not  uncommon. 
(J AUE9ov^3  Mineralogy^  2d  edit.  Vol.  i.  p.  1).  The  diamond  has  been 
iband  nearly  of  all  colours :  those  which  are  colourless  are  most  es- 
teemed ;  then  those  of  a  decided  red,  blue,  or  green  tint.  Black  dia- 
monds are  extremely  rare.  Those  which  are  sightly  brown,  or  tinged 
only  with  other  colours,  are  least  valuable.  The  fracture  of  the  dia- 
mood  is  foliated,  its  laminas  being  parallel  to  the  sides  of  a  regular  oc- 
toedron.     It  is  brittle  and  very  hard  ;  its  specific  gravity  is  3.6. 

580.  The  art  of  cutting  and  polishing  diamonds,  though  probably  of 
remote  antiquity  in  Asia,  was  first  introduced  into  Europe,  in  1456,  by 
Louis  Beii^en,  of  Bruges,  who  accidentally  discovered  that  by  rub- 
bing two  diamonds  togeuer,  a  new  fiicet  was  produ<^ed.  The  particu- 
lar process  of  forming  the  rough  gems  into  briUiafUi  and  rose  diamonds 
has  been  described  at  length  by  Jeffries,  {Treatise  on  Diamonds  and 
Pearls y  3d  edit.  London,  1800).  By  either  of  these  processes,  but 
especUdly  by  the  former,  so  much  is  cut  away  that  the  weight  of  the 
polished  gem  does  not  exceed  half  that  of  the  rough  stone ;  so  that 
the  value  of  a  cut  diamond  is  esteemed  equal  to  that  of  a  similar 
rough  diamond  of  twice  the  weight,  exclusive  of  the  cost  of  workman- 
ship. The  weight,  Jand  therefore  the  value  of  diamonds,  is  estimated 
in  carats y  150  of  which  are  about  equal  to  one  ounce  troy,  or  480 
grains.  They  are  divided  into  halves,  quarters,  or  carat  grains, 
eighth,  sixteenth,  and  thirty-second  parts. 

381.  The  difference  of  value  between  one  diamond  and  another, 
is,  generally  speaking,  as  the  squares  of  dieir  respective  weights  : 
thus,  the  value  of  three  diamonds,  of  one,  two,  and  three  carats' 
wei^t  respectively,  is  as  one,  four,  and  nine.  The  average  price  of 
rou^  diamonds  is  estimated  by  Jeffries,  at  £2.  per  carat ;  and,  conse- 
quentiy,  when  wrought,  the  cost  of  the  first  carat,  exclusive  of  work- 
manshipy  will  be  £8.,  which  is  the  value  of  a  rough  diamond  of  two 
carats. 

£ 

A  wmoglit  diamond  of  Ihiee  carats  is  worth  ....        72 

4  carats 1» 

5  ditto 200 

10  ditto 800 

90  ditto 3,200 

30  ditto 7,200 

40  ditto 12,800 

50  ditto : 20,000 

SO  dhto 28{800 

100  ditto .  .  .  i 80,000 

This  mode  of  valuation,  however,  only  applies  to  small  diamonds,  in 
consequence  of  the  difficulty  of  finding  purchasers  for  the  larger  one?. 

382.  The  largest  known  diamond  is  probably  that  mentioned  by  Ta- 
vemier,  in  the  possession  of  the  Great  Mogul.  Its  size  is  about  that 
of  half  an  hen's  egg ;  it  is  cut  in  the  rose  form,  and  when  rough,  is 
said  to  have  weighed  900  carats.  It  was  found  in  Golconda  about  the 
year  1550. 
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Among  the  crown  jewels  of  Russia  is  a  magnificent  diamond,  weigh- 
ing 195  carats.  It  is  the  size  of  a  small  pigeon's  egg,  and  was  formerly 
the  eye  of  a  Brahminical  idol,  whence  it  was  purloined  by  a  French 
soldier ;  it  passed  through  several  hands,  and  was  ultimately  purchas- 
ed by  the  Empress  Catharine  for  the  sum  of  £90,000  in  ready  money 
and  an  annuity  of  £4,000. 

Perhaps  the  most  perfect  and  beautiful  diamond  hitherto  feund,  is  a 
brilliant  brought  from  India  by  an  English  gentleman  6f  the  name  of 
Pitt,  who  sdd  it  to  the  Regent  Duke  of  Orleans,  by  whom  it  was  plac- 
ed among  the  crown  jewels  of  France.  It  weighs  rather  more  than 
136  carats,  and  was  purchased  for  £100,000. 

383.  Another  form  of  carbon  is  charcoal^  the  purest  variety  of  which 

is  tamp-black, 

jccthoaofpra-     Charcoal  may  be  prepared  by  beating  pieces  of  wood,  covered  with 

p»j°s6i>*^  sand,  to  redness,  and  keeping  them  in  tnat  state  for  about  an  hour. 

They  are  converted  into  a  black  brittle  substance,  which  appears  to 

be  the  same  from  whatever  kind  of  wood  it  has  been  procai«d. 

Common  charcoal  employed  as  fuel  is  usually  made  of  oak,  chesnut, 
elm,  beech,  or  ash  wood,  tiie  white  and  resmous  woods  being  seldom 
used.  Young  wood  affords  a  better  charcoal  than  krge  timber,  which  is 
also  too  valuable  to  be  thus  employed.  It  is  formed  into  a  conical  pile, 
which  being  covered  with  earth  or  cla^',  is  suffered  to  bum  with  a  li- 
mited access  of  atmospheric  air,  by  which  its  complete  combustion,  or 
reduction  to  ashes,  is  prevented. 

Another,  and  a  more  perfect  mode  of  preparing  charcoal,  consists  in 
sulnaitting  it  to  a  red  heat  in  a  kind  of  distillatory  apparatus  consisting  of 
cast  iron  cylinders,  from  which  issue  one  or  more  tubes  for  the  escape 
of  gaseous  matters.  The  makers  of  gunpowder  particularly  prefer 
this  process.  (A  plate  of  this  apparatus  is  given  by  Mr.  Parkes,  in  his 
Ckemieal  Estayi,) 

385.  Lamp-black  is  prepared  principally  by  turpentine  manu&ctu- 
rers  frcmi  refuse  and  residuary  resin,  which  is  burned  in  a  furnace,  so 
constructed,  that  the  dense  smoke  arising  from  it  may  pass  into  cham- 
bers hung  with  sacking,  where  the  soot  is  deposited,  and  from  time  to 
time  swept  off,  and  sold  without  any  further  preparation.  (Aikir's 
Dictionary.  Art.  Charcoal.)  When  lamp-black  has  been  heated 
red  hot  in  a  close  vessel,  it  may  be  considered  as  vety  pure  carbon. 

386.  The  quantity  of  charcoal  obtained  from  different  kinds  of  wood 
is  liable  to  much  variation.  From  100  parts  of  the  following  woods, 
Messrs.  Allen  and  Pepys  obtained  the  annexed  quantities  of  charcoal. 
—PhU,  Tram.  1807. 

6eech 15.00  1  OiIe     17.40 

Mahogamr 15.75     Fir 18.17 

IiigDum  Vit« 17.25  {Box    , S0.S5 

nipn>peitt«s.  387.  Charcoal  is  a  black,  insoluble,  inodorous,  insipid,  brittle  sub- 
stance  ;  an  excellent  conductor  of  electricity,  but  a  bad  conductor  of 
heat ;  unchanged  by  the  combined  action  of  air  and  moisture  at  com- 
mon temperatures;  infusible ;  and  easily  combustible  in  oxygen  gas. 
It  is  capable  of  destroying  the  smell  and  taste  of  a  variety  of  vegetable 
and  animal  substances.  (Lowitz,  CrelVs  Mhals,  Vol.  ii.  p.  166). 
The  use  of  charrii^  piles ;  of  throwing  charcoal  into  putrid  water;  of 
wrapping  it  in  clothes  that  have  accquired  a  bsd  smell ;  of  adding  it  to 
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port  wine,  with  a  view  of  making  it  taWny ;  depends  upon  the  aboTe 
properties. 

388.  Newly^made  charcoal  has  the  property  of  absorbing  certain 
qaaatities  of  the  different  gases.  Upon  this  subject  the  experiments 
of  M.  Theodore  de  Saussure  are  the  most  recent.  (Thomson's 
^nmUiy  Vol.  ti.)  The  charcoal  was  heated  red  hot,  then  suffered  to 
cool  under  mercui^,  and  introduced  into  the  gas.  The  following  are 
the  volumes  of  different  gases  absorbed  by  a  volume  of  charcoal  ■»  ]. 


90  Bicarburetted  hydrogen 35 

Mdrtttic  ftcid 85  Carbonic  oxida 9.42 

MphiircNis  acid 85  Oxygen :  .  .  .  .  9.35 

Sulpboretled  kjdipgen «  .  55  Nitrogen , 7.S 

MuoQS  03dflB 40  Caiboretted  hydrogen 5 

CtrtxAxc  acid 35  Hydxxigen    1.75 

The  absorption  was  always  at  its  maximum  at  the  end  of  24  hours. 

389.  The  results  of  these  experiments  are  widely  different  from 
those  of  Count  Morozzo,  (Journal  dePhytiqve^  1783)  and  of  M.  Rouppe 
(AimaUs  de  Cfctmie,  Vol.  xxxii.^  It  would  also  appear,  that  this  pro- 
perty depends  upon  the  mechanical  texture  of  the  charcoal,  and  conse- 
quently will  vary  in  the  different  woods ;  for  by  exposing  the  charcoal 
of  different  woods  to  air,  AUen  and  Pepys  found  that  they  increased 
very  differently  in  weight. 

By  a  week's  exposure,  Charcoal  from 

Ugnum  Vi(»  gained 9.6  per  cent 

Fir 13.0  ditto 

Box 14.0  ditto 

Beech 16.3  ditto 

Ckk 16.5  ditto 

WthogBDy 18.0,  ditto 

The  matter  absorbed  in  these  cases  consisted  principally  of  aqueous 
vapour,  which  is  verv  greedily  imbibed  by  newly-made  cnarco£u. 

390.  Catboti  and  Oxygen* — There  are  two  compounds  of  carboo  union  witii 
and  oxygen  ;  the  carbonic  oxide  and  the  carbonic  acid.  oxygen. 

391.  Carbonic  Oxide  is  usually  obtained  by  subjecting  carhonic  acid 
to  ^e  action  of  substances  which  abstract  a  portion  of  its  oxygen. 
Upon  this  principle,  carbonic  oxide  gas  is  produced  by  heating  in  an 
iron  retort  a  mixture  of  chalk  and  charcoal ;  or  of  equal  weights  of 
chalk  ahd  iron  or  zinc  filings.     It  is  also  obtained  by  heating  a  mixture 
ofequd  parts  of  oxide  of  zinc,  and  charcoal ;  but  the  mixture  that  af- 
fords it  most  pure,  is  equal  parts  of  carbonate  of  baryta  aiid  clean  iron 
fflins ;  theae  should  be  introduced  into  a  small  earthen  retort,  so  ail 
Xitmy  to  fill  it,  tmd  exposed  to  a  red  heat:  the  first  portion  of  gad 
beiag  rejected  as  mixed  with  the  air  of  the  retort,  it  may  afterwards  be 
collected  quite  pure.     The  gas  should  be  well  washed  with  lime-water, 
and  may  be  preserved  over  water.     The  nature  of  this  gas  was  first 
ibade  iMwn  by  Mr.  Cruickshanks,  of  Woolwich,  in  1802  (Nichol- 
soH^s  4tq  Journal  J  v.) ;  and  about  the  same  time  it  was  examined  by 
Messrs.  Clement  and  Desormes.     Annates  de  ChinUe,  xxxix. 

392.  Its  specific  gravity  to  hydrogen  is  as  14  to  1 ;  100  cubical  inches 
weighing  29.63  grains*.  It  is  fetal  to  animals  extinguishes  fiame,  and 
bums  with  a  pale  blue  lambent  light,  when  mixed  with,  or  exposed  to 
atmospheric  air. 


*  Specifie  grtaitr  <d  coLywrn-.  ipedfic  graid^  of  cftrixwc  oxid«  : :  1 
<  S«ri.75  t&e  atom  of  carbonic  £ide,  abo  1.75  is  juat  14  times  0.1351 

S 


:  0.875,  aod  0.S75 
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393.  When  a  stream  of  carbonic  oxide  is  burnt  under  a  dry  bellr 
glass  of  air  or  oxygen,  no  moisture  whatever  is  deposited,  showing 
that  it  contains  no  hydrogen. 

394.  When  two  volumes  of  carbonic  oxide,  and  one  of  oxygen, 
are  acted  on  by  the  electric  spark,  a  detonation  ensues,  and  two  vo- 
lumes of  carbonic  acid  are  produced.  Whence  it  appears,  that  car- 
bonic acid  contains  just  twice  as  much  oxygen  as  carbonic  oxide, 
which  may  be  considered  as  a  compound  of  one  volume  of  oxygen 
and  one  volume  of  gaseous  carbon ;  or  of  one  proportional  of  carbon 
and  one  of  oxygen,  the  latter  being  so  expanded  as  to  occupy  two  vo* 
lumes. 

395.  Carbonic  oxide  suffers  no  change  by  being  passed  and  repass- 
ed through  a  red-hot  porcelain  tube ;  nor  is  it  decomposed  at  high 
temperatures  by  phosphorus,  sulphur,  nor  even,  according  to  the  ex- 
periments of  Saussure,  by  hydrogen.  {Journal  de  Pkynque,  Iv.) 
None  of  the  metals  exert  any  action  upon  this  gas,  except  potassium 
and  sodium,  which,  at  a  red  heat,  bum  in  it  by  i9[»tracting  its  oxygen, 
and  carbon  is  deposited. 

396.  The  representative  number  of  carbon,  as  obtained  by  consi- 
dering this  gas  a  compound  of  one  proportional,  of  carbon  vapour  and 
one  of  oxygen,  is  6  ;  and  6  carbon  -f  8  oxygen  =14  carbonic  oXide. 

397.  Carbonic  oxide  and  chlorine  combine  and  produce  Chlorocar- 
bonic  acid  or.  Phosgene  ga$y  as  it  has  been  termed  by  its  discoverer 
Dr.  John  Davy,  in  consequence  of  the  mode  of  its  production. 

By  exposing  a  mixture  of  equal  volumes  of  chlorine  and  carbonic 
oxide  to  the  action  of  light,  a  condensation  =*0.5  takes  place.  The 
compound  has  a  peculiar  pungent  odour.  It  is  soluble  in  water,  and 
is  resolved  into  carbonic  and  muriatic  acid  gases.  The  weight  of 
chloro-carbonic  acid  to  hydrogen  is  as  50  to  1.  100  cubical  inches 
weigh  105.85  grains.  It  condenses  four  times  its  volume  of  ammonia- 
cal  gas,  producing  a  peculiar  compound  of  a  white  colour. — PMI, 
Trans.  1807. 

1398.  Carbonic  acid  may  be  obtained  by  burning  carbon,  either 
pure  charcoal  or  the  diamond,  in  oxygen  gas  :  the  oxygen  suffers  no 
change  of  bulk,  so  that  the  composition  of  carbonic  acid  is  easily 
learned  by  comparing  its  weight  with  that  of  an  equal  volume  of  pure 
oxygen.  100  cubic  inches  of  oxygen  weigh  33.88  grains  :  100  cubic 
inches  of  carbonic  acid  weigh  46.57  grains,  or  just  22  times  as  heavy 
as  hydrogen,  hence  100  cubical  inches  of  carbonicacid  must  ccmsist 
of  33.88  grains  of  oxygen,  +  12.70  grains  of  carbon,  and  12.7  : 
33.88  :  :  6  :  16.     Hence  1  proportional  of  charcoal  =  6  +  2  propor- 


•Specific  gravity  3.125  (osygen  =1) ;  3.125  X  2=6.25  the  atom,  also,  125  X  6  =^6.25, 
the  foUcfmng  diagrain  will  denote  its  compontioii. 


Chlorine. 
36 

Carbooic  oiide. 
14 

Chlorocazbonic  add. 
50 


t  The  sp.  gr.  of  Carb.  acid  compared  with  oiygen,  is  as  1.376 : 1 :  now  1.375  X  2=975, 
(the  tt«)*ii  2.75  iijurt  22  times  thnu«(O.U^  '  ^     ^»~:»7, 
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Carbon  yapour. 
6 

Oxyg«n. 

tionak  of  oxygen  =  16  will  constitute  carbonic  acid,  represented  by 
the  number  22,  or  by  the  following  symbol. 

399.  It  is  not  evident  to  whom  the  combustibility  of  the  diamond 
first  occurred ;  but  in  the  year  1694  the  Florentine  Academicians 
proved  its  destructibility  by  heat  by  means  of  a  burning  lens.     The 
producti  of  its  combustion  were  first  examined  by  Lavoisier  in  1772, 
and  subsequently  with  more  precision  by  Guyton  Morveao,  in  1786. 
{AfmaltM  de  Ckimie,  xai.)    In  1797,  Mr.  Tennant  demonstrated  the 
important  fiict,  that  when  equal  weights  of  diamond  and  pure  charcoal 
were  submitted  to  the  action  of  red  hot  nitre,  the  results  were  in 
both  cases  the  same  ;  and  in  1807  the  combustion  of  the  diamond  in 
pure  oxygen  was  found  by  Messrs.  Allen  and  Pepys  to  be  attended  with 
precisely  the  same  results  as  the  combustion  of  pure  charcoal.    Hence 
the  inevitable  inference  that  charcoal  and  the  diamond  are  similar  sub- 
stances in  their  chemical  nature,  differing  only  in  mechamcal  teiture. 

400.  The  following  apparatus  may  be  conveniently  employed  for 
exhibiting  the  results  of  the  combustion  of  the  diamond.  It  consists  of 
a  glass  globe,  of  the  capacity  of  about  140  cubical  inches,  furnished 
with  a  cap,  having  a  large  aperture ;  the  stop-cock,  which  screws  into 
this  cap,  has  a  jet,  a,  rising  from  it,  nearly  into  the  centre  of  the  globe  ; 
this  is  destined  to  convey  a  small  stream  of  hydrogen,  or  other  inflame 
mable  gas.  Two  wires^  c  c,  terminate  at  a  very  litUe  distance  from 
each  other,  just  above  this  jet,  and  are  intended  to  inflame  the  stream 
of  hydrogen  by  electrical  sparks  ;  one  of  them  commences  from  the 
side  of  the  jet,  the  other  is  enclosed  and  insulated  nearly  in  its  whole 
length  in  a  glass  tube  :  the  tube  and  wire  pass  through  the  upper  part 
of  the  stop-cock,  and  the  wire  terminates  on  the  outside  in  a  ball  or 
ring,  D,  at  which  sparks  are  to  be  taken  from  the  machine,  either  di- 
rectly or  by  a  chain.  On  the  end  of  the  jet  is  fixed,  by  a  little  socket, 
a  small  capsule,  b,  made  of  platinum  foil.  This  capsule  is  pierced  full 
of  CTiall  holes,  and  serves  as  a  grate  to  hold  the  diamonds.  Its  distance 
is  about  three-quarters  of  an  inch  from  the  end  of  the  jet ;  and  the  arm, 
bj  which  it  is  supported,  is  bent  round,  so  that  the  stream  of  bydrogen 
shall  not  play  against  it.  The  stop-cock  screws,  by  its  lower  termina* 
tion  on  to  a  small  pillar,  fixed  on  a  stand,  and  at  the  side  of  this  pillar  is  an 
aperture  by  which  a  bladder  filled  with  gas  may  be  connected  with  the 
apparatus. 

On  using  the  apparatus,  the  diamond  is  to  be  placed  in  the  capsule ; 
and  then  the  globe  being  screwed  on  to  the  stop-cock,  the  latter  is  to 
be  removed  from  the  pUhir  and  placed  on  the  air-pump  ;  the  globe  is 
then  to  he  exhausted,  and  afterwards  filled  with  pure  oxygen :  or,  lest 
the  stream  of  oxygen  in  enterii^  should  blow  away  the  diamond,  the 
globe  may  be  filled  wi^  the  gas  first,  and  then,  dexterously  taking  out 
the  stop-cock  for  a  short  time,  the  diamonds  may  be  introduced  and  the 
stop-cock  replaced.    The  apparatus  is  then  to  be  fixed  on  the  pillar, 


132  COMBVSTIOlf   OF    THE   DIAMOND* 

and  a  bladder  of  hydrogen  gas  attached  to  the  aperture.  Now,  passing 
a  currept  of  sparks  between  the  wires,  a  jmall  stream  of  hydrogen  is 
to  be  thrown  in,  which  inflaming,  immediately  heats  the  capsule  and 
diamonds  white  hot ;  the  diamonds  will  then  enter  into  combustion,  and 
the  hydrogen  may  be  immediately  tamed  off  and  the  bladder  detached. 
The  diamonds  will. continue  to  bum,  producing  a  strong  white  beat, 
until  so  far  reduced  in  size  as  to  be  cooled  too  low  by  the  platinum  with 
which  they  lie  in  contact* 

When  the  flame  of  hydrogen  is  used  to  heat  the  diamonds,  it  is  e?i- 
dent  a  little  water  will  be  found  in  the  globe,  but  this  is  of  no  conse- 
quence except  in  attempts  to  detect  hydrogen  in  the  diamond ;  the  in- 
convenience may  be  obviated,  if  required,  by  using  the  fl^me  of  car- 
bonic oxide.  As,  however,  no  hydrogen  has  at  any  time  been  detected 
in  the  diamond,  it  is  better  to  use  that  gas  as  the  heating  agent;  for 
then  the  carbonic  acid,  produced  by  the  combustion,  is  unmixed  with 
that  from  any  other  source,  and  may  be  collected,  and  its  quantity  as- 
certained« 


401.  The  ibUowing  method  of  illustrating  the  products  of  the  com- 
bustion of  the  diamond  was  employed  by  M(es«rs.  Allen  and  Pepy*s 
fPiktl.  Trans,  1807)  :  a  a  are  mercurial  gasometers,  one  of  which  is 
filled  i^ith  ipure  oxygen  gas.  The  brass  tubes  h  fr,  pro^rlv  supplied  with 
sfop-cocl^s  issue  from  the  gasometers,  and  are  connected  wilh the  p&atinum 
tube  c  c,  which  passes  tl&ough  the  small  Aimace  d.  «  is  a  g^aas  tube 
passing  into  the  mercuiio^pneumatic  apparatus  by  which  the  gaa  ipay 
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be  drawn  out  of  the  gasometers  into  conyeDieDt  receivers.  A  giveu^ 
weight  of  diamond  is  introduced  into  the  centre  of  the  platinum  tube, 
which  is  then  heated  to  bright  redness,  and  the  gas  passed  over  it,  back- 
wards and  forwards,  by  alternately  compressing  the  gasometers.  Car- 
bonic acid  is  soon  formed,  and  it  will  be  found  that  the  increase  of 
weight  sustained  by  the  oxygen  is  equivalent  to  that  lost  by  the  dia- 
mond ;  that  the  oxygen  undergoes  no  change  of  bulk  ;  and  that  the 
results  are,  in  all  respects,  similar  to  those  obtained  by  a  similar  com- 
bustion of  perfectly  pure  charcoal. 
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402.  Carbonic  acid  is  a  most  abundant  naturaT  product ;  the  best 
mode  of  procuring  it  for  experiment  consists  in  acting  upoa  maidile 
(643)  (^cafhanok  of  limt)  by  dilute  muriatic  acid. 

For  this  purpose  the  marble,  in  small  fragments,  is  introducjeid  into 
the  two-necked  bottle  a»  and  covered  with  water ;  muriatic  acid  is 
then  slowly  poiveddown.  the  funnel  6,.  which  causes  an  immediate  ef- 
fervescence, and  the  gas  passes  through  the  benttube  c«  into  the  inverted 
jar  d.  When  the  action  ceases,  it  may  be  renewed  by  the  addition  of 
fresh  acid,  until  the  whole  of  the  marble  is  dissolved. 
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Prap^niesof  403.  Carbonic  acid  may  be  collected  over  water,  but  must  be  pre- 
cuboBie  Mia.  served  in  vessels  with  glass-stoppers,  since  water,  at  common  tempe- 
rature and  pressure,  takes  up  its  own  volume  :  under  a  pressure  of  two 
atmospheres  it  dissolves  twice  its  volume,  and  so  on.  It  thus  becomes 
brisk  and  tart,  and  reddens  delicate  vegetable  blues.  By  freezing, 
boiling,  or  exposure  to  the  vacuum  of  &e  air-pump,  the  gas  is  given 
off. 

404.  The  effervescent  quality  of  many  mineral  waters  is  referable 
to  the  presence  of  this  gas,  and  they  are  often  imitated  by  condensing 
'  carbonic  acid  into  water,  either  by  a  condensing  pump,  of  which  a  de- 
scription is  given  by  Mr.  Pepys  {Quarterly  Journal  of  Science  ondArU^ 
Vol.  iv.  p.  305)  or  by  a  Nooth's  apparatus,  as  represented  in  the  fol- 
lowing wood-cut.  It  consists  of  three  vessels,  the  lowest,  a,  flat  and 
broad,  so  as  to  form  a  steady  support ;  it  xontains  the  materials  for 
evolving  the  gas,  such  as  pieces  of  marble  and  dilute  muriatic  acid,  of 
which  fresh  supplies  may  occasionally  be  introduced  through  the  stop- 
ped aperture.  The  gas  passes  through  the  tube  6,  in  which  is  a  glass 
valve  opening  upwards,  into  the  vessel  c,  containing  the  water  or  solu- 
tion intended  to  be  saturated  with  the  gas,  and  which  may  occasionadly 
be  drawn  off  by  the  glass  stop-cock.  Into  this  dips  the  tube  of  the  up- 
permost vessel  d,  which  occasions  some  pressure  on  the  gas  in  c,  and  al- 
so produces  a  circulation  and  agitation  of  the  water.  At  the  top  of  J  is 
a  heavy  conical  stopper,  which  acts  as  an  occasional  valve,  and  keeps 
up  a  degree  of  pressure  in  the  vessels. 
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405.  Carbonic  acid  is  imrespirable,  and  it  extinguishes  .flame. 
Its  wei^t  may  be  shown  by  placing  a  lighted  taper  at  tibe  bottom  of  a 
tall  glass  jar,  and  then  pouring  the  gas  out  of  a  bottle  into  it,  in  the  manner 
of  a  liquid ;  it  descends  and  extinguishes  the  flame,  and  will  remain 
a  long  time  in  the  lower  part  of  the  vessel.  Hence  in  wells,  and  in 
some  carems,  carbonic  acid  frequently  occupies  the  lower  parts,  while 
the  upper  parts  are  free  from  it.     The  miners  call  it  ehoaJi  damp. 

406.  The  presence  of  carbonic  acid  is  instantly  detected  by  lime 
'maUr  (621),  which  it  renders  turbid,  and  causes  a  deposit  of  a  white 
natter,  which  is  carbonate  of  lime.  The  addition  of  water,  saturated 
with  carbonic  acid,  to  lime  water:,  also  occasions  a  milkiness  from  the 
same  cause.  If  excess,  either  of  the  gas.  or  of  its  aqueous  solution,  be 
added  to  the  lime  water,  the  precipitate  is  re-dissolved,  carbonate  of 
lime  being  soluble  in  carbonic  acid  (642.) 

407.  As  all  common  combustibles,  such  as  coal,  wood,  oil,  wax,  tal- 
low, 4v.,  contain  carbon  as  one  of  their  component  parts,  sp  the  com- 
bustion of  these  bodies  is  always  attended  by  the  production  of  carbon- 
ic add.  It  is  also  produced  by  the  respiration  of  animals  ;  hence  it  is 
detected,  often  in  considerable  proportion,  in  crowded  and  illuminated 
rooms,  which  are  ill  ventilated,  and. occasions  difficulty  of  breathing, 
giddiness,  and  fiuntness.  In  the  atniosphere  it  may  also  be  detected 
(303),  varying  in  quamtity  from  1  to  0.1  per  cent, 

408.  As  cwbonic  acid  is  usuaHy  retained  in  combination  by  very 
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feeble  affinity,  so  it  is  evolred  from  most  of  the  carbonates  by  the  sim- 
pie  operation  of  heat  Thus  chalk,  when  heated,  gives  out  carbonic 
acid,  and  becomes  quicklime.  It  is  also  evolved  from  its  combinations 
by  most  of  the  other  acids ;  and  if  nitric,  muriatic,  or  sulphuric  acid, 
be  poured  upon  the  carbonates,^ the  presence  of  carbonic  acid  is  indi- 
cated by  ^ervescence. 

409.  In  Section  398,  the  nature  of  carbonic  acid  has  been  syntheti- 
cally demonstrated.  It  may  be  analyzed  by  the  action  of  the  metal 
jpotasnum,  which  is  capable  of  abstracting  its  oxygen,  and,  with  the  aid 
of  heat,  bums  in  it  with  great  splendour ;  charcoal  is  deposited,  and 
an  oxide  of  pokunwn  is  formed.  In  this  and  in  some  other  cases,  oxy- 
gen is  seen  alternately  producing  acid  and  alcali.  If  carbonic  acid, 
obtained  by  burning  the  diamond  in  oxygen,  be  thus  decomposed  by 
potassium,  the  carbon  makes  its  appearance  in  the  form  of  charcoal, 
equal  in  weight  to  the  diamond  consumed. 

410.  There  are  some  other  substances  which  at  high  temperatures, 
are  capable  of  decomposing  carbonic  acid,  and  abstracting  part  of  its 
oxygen  ;  thus,  if  a  mixture  of  two  patts  of  hydrogen  and  one  of  car- 
bonic acid,  by  volume,  be  passed  through  a  red-hot  tube  ii^  the  appara- 
tus represented  at  page  99,  water  is  formed,  and  carbonic  oxide 
passes  into  the  receiver  d,  mixed  with  the  excess  of  hydrogen. 

411.  If  carbonic  acid  be  passed  over  red-hot  charcoal,  it  becomes 
converted  into  carbonic  oxide  by  taking  up  an  additional  proportion  of 
base.  The  blue  flame,  often  seen  upon  thd  surface  of  a  charcoal  fire, 
arises  from  the  combustioti  of  the  carbonic  oxide  formed  in  this  way ; 
the  air  entering  at  bottom,  forms  cafbonic  acid,  wiiich,  passing  through 
the  red-hot  charcoal,  becomes  converted  into  carbofiic  oxide. 

412.  At  a  bright  red  heat,  iron  decomposes  carbonic  acid,  by  ab- 
stracting a  portion  of  its  oxygen,  and  forming  oxide  of  iron  and  carbo- 
nic oxide. 

413.  Carbonic  acid  And  ammonia — Cdtbonate  of  amtnonttf.^— These 
gases  readily  combine,  and  produce  one  of  the  most  usefbl  and  best 
ktiown  of  the  ammo^iacal  Compoumfe. 

Whiin  one  volnme  of  carbonic  acid  and  two  volumes  0^  anunonia 
are  mixed  it  ag^ass  vessel,  over  mercury,  a  complete  coildensatieii 
ensues,  and  a  earbonetie  of  emmonia  in  produced. 

It  consists  of  17  sHttmolkk  +  22  carbonic  acid,  and  is  i^epresented 
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414.  If  water  be  present,  it  so  far  overeomes  the  elasticity  of  tlie 
gas,  as  to  enable  the  salt  formed  to  take  ap  another  volume  of  car- 
booic  acid,  and  thas  a  hicarbanate  is  formed. 

415.  Carbonate  of  ammonia  crystallizes  in  octoedrons,  though  it  is 
generallj  naet  with  in  cakes  broken  out  of  the  subliming  vessel,  being  • 
obtained  by  soblimation  from  a  mixture  of  muriate  of  ammonia  and 
carbonate  of  lime. 

The  results,  however,  of  this  decomposition  are  not  strictFv speaking, 
carbonate  of  ammonia  and  muriate  of  lime,  but  carbonate  of  ammonia, 
water,  and  chloride  of  calcium,  the  two  former  being  in  combination, 
so  that  a  hydraied  carbonate  of  ammonia  is  always  obtained. 

Suppoaimg  the  materials  perfectly  dry,  the  water  is  formed  by  the 
ooion  of  the  hydrogen  of  the  muriatic  acid  with  the  oxygen  of  the 
lime,  as  shown  in  the  fbUowing  diagram  : 

Hfdnted  Carbonate  of  AnBnania. 
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CUoride  of  Cakdian. 

416.  Mr.  Richard  Plallips  has  shown  {Quarterly  Journaly  vii.  S94) 
that  the  carbonate  of  ammonia  of  commerce,  the  ammonia  tubcarbonas 
of  the  Pharmacopma^  is  a  compound  of 

3  ProportkMials  of  Carbonic  acid  .  . 

2  Ditto Aimdoaia   .  .  ,  . 

2  Diito  ......  Water 

Its  odour  is  pungent ;  its  taste  hot  and  saline  ;  it  reddens  turmeric,  and 
renders  blties  green.  A  pint  of  water  at  60^  ^ssolves  rather  less  than 
4  ooaces^  This  solution  is  directed  in  the  Pharmacopma^  under  the 
name  of  Liquor  Ammandcs  Subcarbonatis. 

4  n.  By  exposure  to  air,  carbonate  of  ammonia  loses  its  odour,  and 
ceases  to  act  upon  turmeric  paper.  In  this  state  it  may  be  considered 
as  an  h^rated  bicarbonate  of  ammonia^  and  is  composed,  according  to 
PhiUips,  of 

S  Pi^ortionds  of  Carbonic  acid  .  .  22  X  2  »  44 

1  Ditto Ammonia =17 

2  Ditto Water    9X2=18 

79 

Omitting  the  water,  fl«erefore,  it  appears  that  there  are  three  com- 
poands  of  carbonic  acid  mi  amniQnia.    The  carbonate  composed  ot  1 
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proportional  acid  +  1  base  ;  the  sesqui-carbonate  composed  of  1 .6  acid 
+  1  base  ;  and  the  bi-carbonate  of  2  acid  +  1  base. 

4 1 8.  Carbon  and  Chlorine, — Mr.  Faraday  has  ascertained  that,  by  ex- 
Sri'lid'cSJl  posing  carburetted  hydrogen,  mixed  with  great  excess  of  chlorine,  to 
»  rine.  ^^  action  of  light,  a  white  crystalline  substance  is  formed,  which,  when 

purified  by  washing  with  water,  is  a  perMoride  of  carbon.  This  sub- 
stance is  nearly  tasteless  ;  its  odour  resembles  camphor ;  ijts  specific 
gravity  is  about  2  ;  it  is  a  nonconductor  of  electricity.  It  is  volatile, 
and  in  close  vessels  fuses  at  320«,  and  boils  at  360«.  It  is  not  very 
combustible,  but  burns  when  held  in  the  flame  of  a  spirit  lamp,  with 
the  emission  of  much  smoke  and  acid  fumes.  It  is  insoluble  in  water, 
but  readily  soluble  in  alcohol  and  ether  ;  these  solutions  deposit  arbo- 
rescent and  quadrangular  crystals.  It  also  dissolves  in  volatile  and  fix- 
ed oils.  It  is  scarcely  acted  upon  by  alcaline  and  acid  solutions ;  but 
most  of  the  metals  decompose  this  substance  at  a  red  heat.  Potassium 
bums  brilliantly  in  its  vapour,  causing  the  deposition  of  carbon,  and 
the  production  of  chloride  of  potassium.  The  metallic  oxides  also  de- 
compose it  at  high  temperatures,  producing  metallic  chlorides,  and 
carbonic  acid  or  oxide,  according  to  the  proportion  of  oxygen  present ; 
no  water  is  produced,  showing  the  absence  of  hydrogen  in  the  com- 
pound. It  appears,  from  various  analytical  experiments  upon  this  com- 
pound, among  which  may  be  mentioned  its  decomposition,  by  passing  it 
through  red-hot  peroxide  of  copper,  that  100  parts  afford  10  carbon  -f 
90  chlorine  ;  whence  it  would  appear  to  consist  of 

2  Proportionals  of  Cuboo 6  X  2  <»    12 

3  Ditto  Chlorine     36   X3-.108 

120' 

419.  When  the  above  perchloride  of  carbon  is  passed  through  a 
red-hot  tube,  containing  fragments  of  rock-crystal  to  increase  the  heat- 
ed surface,  it  gives  off  a  portion  of  chlorine,  and  is  converted  into  a 
liquid  protockloride  of  carbon.  It  is  a  limpid  colourless  fluid,  specific 
gravity  1.55,  and  not  combustible,  except  retained  in  the  flame  of  the 
spirit-lamp,  when  it  burns  with  a  yellow  flame,  much  smoke,  and  fames 
of  muriatic  acid.  It  does  not  congeal  at  O*' ;  it  rises  in  vapour  at  about 
165**.  It  is  insoluble  in  water,  but  soluble  in  alcohol,  ether,  and  the 
oils.  It  is  not  affected  by  the  acids  or  alcalis,  nor  at  common  tempe- 
ratures, by  solutions  of  silver.  It  dissolves  chlorine,  iodine,  sulphur, 
and  phosphorus.  It  affords,  when  decomposed,  17  carbon  +  83  chlo- 
rine ;  whence  it  may  be  inferred  to  consist  of 

1  Proportioiial  carbon =s    6 

1  Ditto  chloifine a.  36 


Vaioo  with 
liydiofea 


420.  Carbon  and  Hydrogen — Carburetted  Hydrogenr-^lefiant  Ga»— 
Hydrogurei  of  Carbon, — Carbon  and  hydrogen  combine  and  form  ole- 
fiimt  gas,  consisting  of  1  proportional  (h  carbon  +  1  of  hydrogen.* 
Its  composition  will  be  12  carbon      >  two  volumes  of  each 

2  hydrogen  )  condensed  to  one. 


14 


•  Its  specific  cravity  compared  with  oxygen,  as  0.875  :  1 ;  now  0.875  X  2  =  1.75  CHr^ 
stom,}  deo,  1.75  u  just  14  times  tbe  atom  (0.125)  of  hydrogen. 
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421.  it  is  usually  obtained  by  the  decompositioD  of  alcohol  by  sal- 
pharic  acid.  For  this  purpose  four  parts  of  the  acid  and  one  of 
alcohol  are  put  into  a  retort,  and  heated  by  a  lamp.  Soon  afler  the 
mixture  boils  the  gas  is  evolved.  It  may  be  collected  over  water ;  its 
specific  gravity  to  hydrogen  is  14.  100  cubic  inches  weigh  29.638 
grains. 

422.  This  gas  b  inflammable,  burning  with  a  bright  yellowish 
white  flame.  One  part  by  volume  requires,  for  perfect  combustion, 
three  of  oxygen,  and  two  of  carbonic  acid  are  produced.  When 
sulphur  is  heated  in  one  volume  of  this  gas,  charcoal  separates,  and 
two  volumes  of  sulphuretted  hydrogen  result.  As  hydrogen  suffers 
DO  change  of  volume  by  combining  with  sulphur,  it  follows  that  ole- 
fiant  gas  contains  two  volumes  of  hydrogen  condensed  into  one,  hence 
the  quantity  of  oxygen  required  for  its  combustion. 

423.  This  gas  is  also  decomposed  by  heat  alone,  as  by  passing  and 
repassing  it  through  a  red-hot  tube  of  earthenware  or  metal ;  it  then 
deposits  its  carbon,  and  is  expanded  into  twice  its  original  volume  of 
pare  hydrogen. 

424.  The  following  symbols  show  that  one  volume  or  proportional 
of  this  gas,  mixed  with  three  of  oxygen,  are  converted  into  water  and 
carbonic  acid,^the  hydrogen  being  expanded  to  two  volumes,  or  its 
real  bulk.         ** 

Before  detonation. 


C  liydrogpcii 

Orygea 
8. 

8. 

«. 

After  detonation.. 


1. 

^1- 

Carbon 
6. 

Oxygen 

8. 

This  gas,  therefore,  is  constituted  of  1  proportional  of  carbon  =6 
+  1  proportional  of  hydrogen  =  1,  and  its  number  is  7. 

425.  When  carburetted  hydrogen  is  mixed  with  chlorine  in  the  pro- 
portion of  1  to  2  by  volume,  the  mixture  on  inflammation  produces 
muriatic  acid,  and  charcoal  is  abundantly  deposited  ;  but  if  the  two 
genes  be  miiLed  in  an  exhausted  vessel,  or  over  water,  they  act  slowly 
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upon  each  other,  and  a  peculiar  fluid  is  formed,  which  appears  like  a 
heavy  oil ;  hence  this  compound  hau  been  termed  defiant  gas. 

426.  Chloric  ether  is  the  term  applied  to  this  fluid  by  Dr.  Thomson,  who 
in  1810,  ascertained  that  its  component  parts  were  chlorine  and  car- 
buretted  hydrogen.  It  has  more  lately  been  examined  by  M.  M.  Ro- 
biquet  and  Colin  {Annales  de  Chim.  et  Phys,  Vols.  i.  and  ii.)  The 
term  hydrochloride  of  carbon  may  properly  be  applied  to  it.  It  may 
be  formed  by  allowing  a  current  of  each  gas  to  meet  in  a  proper  recei- 
ver ;  there  should  be  excess  of  oleflant  gas,  for  if  the  chlorine  be  in 
excess,  the  liquid  absorbs  it.  It  is  transparent  and  colourless ;  its 
taste,  sweet  and  somewhat  acrid  ;  its  specific  gravity  =:  i.s.  It 
boils  at  1 62^ .  It  bums  with  a  green  flame,  evolving  muriatic  acid,  and 
largely  depositing  charcoal.  As  it  is  produced  by  equal  volumes  of 
chlorine  and  carburetted  hydrogen,  it  is  probably  a  compound  of  one 
proportional  of  chlorine  and  two  of  carburetled  hydrogen ;  or  of 

Chlorine 36 

Carbon    12 

Hjdrogcn 2 

427.  From  some  recent  experiments  made  at  the  Royal  Institution 
by  Mr.  Faraday,  it  appears  that,  by  exposing  this  hydrochloride  of  car- 
bon to  the  action  of  excess  of  chlorine,  muriatic  acid  and  chloride  of 
carbon  are  the  results. 
umoBwith  428.  When  iodine  and  carburetted  hydrogen  are  exposed  to  the  ac- 
tion of  light  they  combine,  and  form  a  hydriodidt  m  carbon*  This 
compound  was  first  obtained  in  the  Laboratory  of  the  Koyal  Institution, 
by  Mr.  Faraday ;  and,  reasoning  analogically  upon  the  facts  already 
stated,  in  respect  to  the  chloride  of  carbon,  it  is  probable  that  it  may 
lead  to  the  discovery  of  an  iodide  of  carbon^  but  that  compound  has 
not  as  yet  been  formed. 

The  hydriodide  of  carbon  is  a  white  crystalline  solid,  volatile  with- 
out decomposition,  and  in  many  respects  analogous  to  the  hydrochlo- 
ride of  carbon  ;  its  4aste  b  sweet  and  its  odour  aromatic. 

429.  A  gas,  containing  carburetted  hydrogen,  is  oflten  generated  in 
stagnant  ponds  ;  and  by  passing  the  vapour  of  water  over  red-hot  char- 
cod,  or  by  distilling  moist  charcoal  in  an  iron  retort,  at  a  red  heat,  and 

shing  the  gas  thus  afforded  in  lime-water,  by  which  the  carbonic  acid  is 


semffated,  a  similar  compound  is  said  to  be  obtained. 

*The  specific  gravity  of  these  gases  is  liable  to  great  variation,  100 
ciibical  inches  weighing  from  12  to  20  grains. 

They  bum  with  a  paler  flame,  and  require  lees  «D^n  than  olefiant 
gas  for  perfect  combustion. 

430.  It  has  generally  been  stated  liiat  these  gases  contain  a  definite 
compowd  ai  1  profiortional  of  c«rbon  and  2  of  hydrogen,  to  which  the 
term  bi-hydroguret  ofcarbon^  or  light  hydrocarbonaU^  has  been  applied. 
From  msaiy  experiments,  however,  on  this  eubjeet,  i  «m  iaduced  to 
consider^emasmiiFtuFestof  olefitt&tgas  and  hydrogen,  etoce  I  hnvenever 
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keen  able  to  obtain  mj  other  defiiute  compound  of  carbon  and  hydro- 
gen, than  olefiant  gas  ;  and  since  they  may  be  imitated  by  mixtures  of 
oiefiaat  and  hydrogen  gases,  of  the  same  specific  gravities*. 

431.  Tiiese  nuxtures  are  abundantly  produced  during  the  destruc-^^^ 
tire  diatiUation  of  common  pit-coal ;  and  the  gas  thus  obtained  is  em-  ^  ***' 
ployed  for  the  purposes  of  illumination,  as  an  economical  substitute  for 
tallow,  oil,  4rc,    Tins  {Mrocess  is  carried  on  upon  a  very  extensive 

scale  in  London,  in  several  public  and  many  private  estaUishm.ents. 
The  coal  is  placed  in  oblong  cast-iron  cylinders,  or  retort,  which  are 
ranged  in  funiaces,  to  keep  them  at  a  red  heat,  and  all  the  volatile  pro- 
ducts are  conveyed  by  a  common  tube  into  a  cothdendng  vesady  kept  cold 
by  iffimersion  in  water ;  and  in  which  the  water,  tar,,  ammoniaod,  and 
other  condensible  vapours,  are  retained ;  the  gaseous  products  consist 
ffincipally  of  carburetted  hydrogen,  snlphnretted  hydrogen,  and  car- 
booic  oxide,  and  acid :  these  are  passed  through  a  mixture  o£  quick- 
lime and  water  in  yessels  called  jmrtfien^  by  which  the  sulphuretted 
hydrogen  and  caiiMmic  gases  are  absori>ed,  and  tfae  carburetted  hydro* 
geo  and  hydrogen  gases,  transmitted  sufficiently  pore  for  use  into  gotofiw- 
ter$,  whence  the  pipes  issue  for  the  supply  of  streets,  houses,  4rc. 
The  coke  remaining  in  the  retorts  is  of  a  very  good  quality!. 

432.  The  average  specific  gravity  of  purified  coal-gas  is  0.4500. 
100  cubical  inches  wei^  from  1 4  to  15  grains,  tnd  it  may  be  consider- 
ed as  a  mixture  of  about  55  vohmies  of  hydrogen,  and  4^  of  olefiant 
gas. 

433.  The  best  kind  of  coal  for  distillation  is  that  which  contains  most 
bitumen  and  least  solpbar.  The  chaldron  should  yield  about  12000 
cubical  feet  of  purified  gas,  of  which  each  Argand's  burner,  equal  to 
six  wax  candles,  may  be  considered  as  consuming  from  four  to  five  cu- 
bical feet  per  hour. 

434.  The  economy  of  gas  illumination  may  be  judged  of  by  examin- 
ing the  valoe  of  the  products  of  distillation  of  a  chaldron  of  coals,  the 
aven^  cost  of  which  may  be  considered  as  3(,     U  should  afiord— 

l(aiak]iQDofcQlce,At25« 1  11    3 

24     GaUons  of  tar  and  ammoaiacal  liquor,  at  3d  . .    0    6    0 
laooa     Caeic4Mt<ifgaB,«tlfi9.per1000€.F 9   00 

£10  17    3 

These  products  are  taken  at  their  lowest  value,  but  they  aftrd  am- 
ple grounds  for  showing  the  advantage  nf  gas  illumination,  not  merely 
for  pnblic  purposes,  but  also  in  private  establishments.  It  appears 
that  where  more  than  fif^,  ligbts  areTequired,  a  coal-gas  apparatus  will 
he  found  profitable. 


BOB  gives  the  specific  gravity  of  bihydrogoret  of  carbon  or  carburetted  hydragvn, 
=0.55$,  wUdi  at  a  mean  temperabiw  maikes  100  c.  i.  weigh  16.99  grains— itB  composition  is 

also  |ClV6B« 

Carbfltt 0>tt6 ..«=(!  vol.) 

Hydrogen Oj0694X2 «:(2  vols.) 

t  »fr.  Paxker,  of  Liverpool,  (Phil  Jfiae.  Vol.  lii.  p.  292,)  ha«  proposed  to  pass  the  gas  as 
b  owns  ttwa  the  coal  ivtorts  tluoi^  red^hoi  icon  tnbes,  bj  which  the  contaminating  gases 
tad  vipaais«K  fiirtfaer  decomposed,  «id  the  quantity  of  useful  gas  much  oicMased.  This 
tmsgeadcn,  if  it  socceeded,  would  gieatlv  dimhiish  the  miantity  of  tar,  wtttcb  is  the  ofely  use. 
i«B  product;  but  as  carburetted  hydrogen  is  decomposed  at  a  rod  beat,  it  wiU  obviously  tend 
li  'HriiiA  Om  ilksanoatiDg  power  of  the  .gas,  thoa|^  it  will  mcrease  its  ijitaiitity. 


142  FiaE-0AHP    OF    COAL   MINUS. 

jjj,  ^^  435.  Messrs.  J.  and  P.  Taylor  have  lately  constructed  an  apparnine 

for  the  conversion  of  oil  into  gas.  It  consists  of  a  furnace  with  a  con- 
torted iron  tube  containing  fragments  of  brick  or  coke,  passing  through 
it,  into  which,  when  red-hot,  the  oil  is  suffered  to  drop  ;  it  is  decom- 
posed, and  converted  inmost  entirely  into  charcoal,  which  is  deposited 
in  the  tube,  and  into  a  mixture  of  carburetted  hydrogen,  and  hydrogen 
gases,  of  which  from  two  to  three  cubic  feet  may  be  regarded  as  equi- 
valent to  five  or  six  of  coal-gas,  lor  the  production  of  light. — QuarUrly 
Journal^  Vol.  viii. 

The  commonest  #hale-oil,  or  even  pilchard-dregs,  qnite  unfit  for 
burning  in  the  usual  way,  afford  abundance  of  excellent  gas.  requiring 
no  other  purification  than  passing  through  a  refrigerator,  to  free  it  of  a 
quantity  of  empyreumatic  vapour. 

436,  A  gallon  of  whale-oil  affords  about  100  cubical  feet  of  gas,  and 
an  Argand  burner,  equal  to  seven  candles,  consumes  a  cubical  foot  and 
a  half  per  hour.     The  cost  of  a  lamp  fed  by  oil  or  coal  gas,  and  giving 
the  light  of  seven  candles  will  be  3  farthings  per  hour. 
Of  Argand's  lamp  with  spermaceti  oil  3d. 

Mould-candles 3f 

Wax-candles 14 

437  By  a  series  of  experiments,  conducted  with  every  requisite 
caution  {Phil.  Trans.  1820,  p  23,)  I  found  that,  to  produce  the  Ttght 
of  ten  wax  candles  for  one  hour,  there  were  required 


3600  cabica)  iucfaes  of  pure  caiburetted  bjrdMgMi  or  olefiaat  n& 
4875 oji  --a 

^3120 :::::::rif^ 


.„  ^^?*  T**^  ^tness  of  the  gas  obtained  from  coal  for  the  purposes  o{ 
lihimination,  is,  ceteris  paribus,  dependent  upon  the  quantity  of  carbu- 
retted hydrogen,  or  olefiant  gas,  which  it  contains  ;  and,  consequent- 
ly, the  fitness  of  the  purified  mixed  gas  for  illumination,  will  be  direct- 
4y  as  Its  specific  gravity  ;  or,  the  relative  proportion  of  olefiant  gas 
may  be  judged  of  by  mixing  the  purified  coal  gas  with  twice  its  volume 
of  chlonne  over  water,  by  which  the  olefiant  gas  wiU  be  absorbed 
and  Its  quantity  shown  by  the  amount  of  the  absorption  which  takes 
place. 

439.  Experiments,  thut  conducted,  show  that  pnrified  coal  pom  sel- 
dom contains  more  than  40  per  cent,  in  volume  of  carburetted  hydro- 
gen, while  oil  go*  generdly  affords  about  75  o«r  cent. ;  hence  i&  su- 
penonty  for  burning,  and  the  relatively  small  quanUty  consumed. 

Dr.  Henry  (FfciT.  Tran».  1808,)  has  given  some  important  experi- 
ments upon  tiie  production  of  gas  from  coal,  by  which  it  appears  that 
ite  composiUon  IS  very  various  at  different  stages  of  the  distillation, 
roducfa  ^t>Bat«<»«  also  affects  the  quantity  and  quality  of  the 

440.  An  account  of  the  apparatus  for  the  production  of  coal  eas. 
and  «rf  Ite  construction  and  expense,  will  be  found  in  the  TreatiseToi 
Iraa  lAghU,  by  Mr.  Accum  and  Mr.  Peckston 

fcfty  l«,^  441.  A  mixture  of  carburetted  hydrogen  and  hydrogen  is  conbiined 
abundantly  m  coal  strata,  from  assures  in  which  it  is  sometimes  evolved 
Jntai^  quantises,  forming  what  in  the  language  of  the  north  country 
inme»,»caUeda6iow«r.    When  this  gas  has  accumulated  in  any  part  of 
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the  gallery  or  chamber  of  a  mine,  so  as  to  be  mixed  in  certain  proportions 
with  common  air,  the  presence  of  a  lighted  candle,  or  lamp,  causes  it 
to  explode,  and  to  destroy,  injure,  or  born,  whatever  is  exposed  to  its 
Tiolence.  The  miners  are  either  immediately  killed  by  the  explosion, 
and  thrown,  with  the  horses  and  machinery,  through  the  shaA  into  the 
air,  the  mine  becoming  as  it  were  an  enormous  piece  of  artillery  from 
which  they  are  projected  ;  or  they  are  gradually  suffocated,  and  under- 
go a  more  painful  death  from  the  «arbonic  acid  and  nitrogen  remain- 
ing in  the  mine,  after  the  explosion  of  the^re  damp ;  or  what,  though 
it  appears  the  mildest,  is  perhaps  the  most  severe  fate,  they  are  burn- 
ed or  maimed,  and  often  rendered  incapable  of  labour  and  of  healthy 
enjoyment  for  life. — Davy,  on  the  Safety-Lamp  for  Coal  Miners^  Lon- 
don, 1818. 

Sir  H.  DavT,  in  the  treatise  just  quoted,  has  given  a  sketch  of  diffe- 
rent, but  ineffectual,  contrivances  of  others,  for  the  prevention  of 
these  dreadful,  and  hitherto  frequently  occurring,  accidents  ;  and  has 
described  the  train  of  investigation  by  which  he  was  led  to  the  disco- 
very of  a  remedy  at  once  simple  and  efficient,  and  which  has  already 
been  submitted  to  repeated  and  successful  trials. 

442.  The  properties  of  flame,  and  the  principle  of  safety  adopted  in 
this  lamp,  have  already  been  adverted  to  (192).  It  is  obvious,  from 
what  has  there  been  said,  that  if  the  flame  of  a  common  lamp  be  every 
where  properly  surrounded  with  wire-gauze,  and  in  that  state  immers- 
ed into  an  explosive  gaseous  mixture,  it  will  be  inadequate  to  its  in- 
flammation, that  part  only  being  burned  which  is  zvithin  the  cage,  com- 
munication to  the  inflammable  air  mtkout  being  prevented  by  the  cool- 
ii^  power  of  the  metalUc  tissue  ;  so  that  by  such  a  lamp  the  explosive 
mixture  will  be  consumed,  but  cannot  be  exploded. 

443.  The  following  wood  cut  is  a  representation  of  the  Safety  lamp, 
RS  recommended  for  general  use  by  Sir  H.  Davy,  a  is  a  cylinder  of 
wire-gauze,  with  a  doable  top,  securely  and  carefully  fastened,  by 
doubling  over,  to  the  brass  rim  b,  which  screws  on  to  the  lamp  c.  The 
whole  is  protected  and  rendered  convenient  for  carrying,  by  the  frame 
and  ring  d.  If  the  cylinder  be  of  twilled  wire-gauze,  the  wire  should 
be  at  least  of  the  thickness  of  one-fortieth  of  an  inch,  and  of  iron  or  cop- 
per, and  30  in  the  warp,  and  16  or  18  in  the  wefl.  If  of  plain  wire 
^oze,  the  wire  should  not  be  less  than  one-sixtieth  of  an  inch  in  thick- 
ness, and  from  28  to  30  both  warp  and  woof. — Daw,  on  the  Safety 
Lamp,  p.  114,  ef  lejT. 

The  operation  of  this  lamp  may  be  shown  on  a  small  scale  by  sus- 
pending it  in  a  glass  jar,  and  then  admitting  a  sufficient  stream  of  coal  gas 
to  render  the  enclosed  atmosphere  explosive.  The  flame  of  the  lamp 
first  enlarges,  and  is  then  extinguished,  the  whole  of  the  cage  being  fill- 
ed with  a  lambent  blue  light ;  on  turning  off  the  supply  of  gas  this  ap- 
pearance gradually  ceases,  and  the  wick  becomes  rekindled,  when  the 
atmosphere  retnms  to  its  natural  state. 

As  the  tafety  of  these  lamps  entirely  depends  upon  the  perfect  state 
of  the  wire  gauze»  and  upon  the  non-existence  of  any  aperture  or  chan- 
nel sufficiently  large  to  admit  of  the  passage  of  flame,  they  should, 
when  to  use  in  a  coal  mine,  beinspected  daily  to  ensure  their  sound- 
ness in  these  respects. 
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444.  The  analvsifi  of  a  mixture  of  hydrogen  with  carburetted  hjrdro- 
geiif  carboDic  oxide,  and  carbonic  acid,  presents  peculiar  difficulties  in 
the  ordinary  mode  of  proceeding ;  and  as  it  oflen  requires  to  be  per- 
formed in  inTestigations  relating  to  the  gases  used  for  iUumiiiation,  it 
became  an  object  to  &cilitate  the  process,  for  which  I  have  nsed  the 
following  plan : 

A  hundred  measures  of  the  gas  are  introduced  into  a  gradvaled  tube, 
and  the  carbonic  acid  absorbed  by  a  solution  of  pofassa  ;  the  remainiDg 
gas  is  then  transferred  to  thrice  its  yolume  of  chlorine  of  known  purity, 
standing  over  water  in  a  tube  of  about  half  an  inch  diameter,  and  expos- 
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ed  to  daylight,  but  carefully  excluded  from  the  direct  solar  rays  ;  after 
24  hours  the  carburetted  hydrogen  and  the  excess  of  chlorine  will  have 
been  absorbed,  and  the  remaining  gas,  consisting  of  carbonic  oxide  and 
hydrogen,  may  be  analyzed  by  detonation  with  oxygen  in  excess ;  the 
measure  of  carbonic  acid  formed  being  equal  to  that  of  the  original  car- 
bonic oxide. 

This  proceeding  depends  upon  the  non-formation  of  chlorocarbonic 
'  (397)  acid  in  a  mixture  of  carbonic  oxide  and  chlorine  in  the  contact  of 
water,  and  out  of  the  direct  agency  of  the  solar  rays.  Such  mixture 
1  have  kept  several  days  occasionally  renewing  the  chlorine  as  it  be- 
came absorbed  by  the  water,  and  have  not  observed  any  diminution  in 
the  bulk  of  the  carbonic  oxide.  In  all  these  cases  it  is  necessary  to  as- 
certain the  purity  of  the  chlorine  by  its  absorption  by  water,  and  to  h^ 
aware  of  the  evolution  of  common  air  from  water  during  that  process. 

446.  Carbon  and  Nitrogen^-Ckirhuret  of  Nitrogen — Cyanogen. — This  uoioa  idifa 
gaseous  compound  was  dLcovered  in  1816,  by  Gay-Lussac  {Annalen  rf€~^«««"- 
C^'mie,  xcv.)  It  may  be  obtained  from  dry  and  pure  cyanuret  ofmer- 
eury.  This  substance  when  heated  in  a  small  glass  tube  to  dull  redness, 
becomes  black,  and  a  quantity  of  mercury  passes  over  and  condenses 
io  the  cold  part  of  the  tube :  the  gas  wluch  is  at  the  same  time  evolved, 
must  be  collected  over  mercury. 

446.  It  has  a  penetrating  and  very  peculiar  smell,  somewhat  resem- 
bling that  of  bitter  almonds ;  it  bums  with  a  beautiful  purple  flame.  *Its 
specific  gravity  to  hydrogen  is  26,  100  cubic  inches  weighing  66.  grains. 
Water  dissolves  4.5  vohmies,  and  alcohol  23  volumes  of  this  gas.  The 
aqueous  solutioii  reddens  vegetable  blues ;  and  according  to  Vauquelin 
{AnnaUs  de  Chim, ,  Oct.  1 8 1 8,)  is  subject  to  spontaneous  decomposition, 
being  gradually  converted  into  carbonic  and  hydrocianic  acids,  ammo- 
lia,  a  peculiar  acid,  which  he  calls  the  cyanic^  and  a  brown  substance 
containing  carbon  ;  the  ammonia  saturates  the  acids,  and  the  carbona- 
ceous compound  is  deposited.  These  changes  are  referable  to  the 
mutual  re-action  of  the  elements  of  cyanogen  upon  those  of  water. 

447.  Cyanogen  may  be  analyzed  by  detonation  with  oxygen.  One 
volume,  detonated  over  mercury  with  two  of  oxygen,  produces  two  vo- 
lumes of  carbonic  acid,  and  one  of  nitrogen.  Whence  it  appears  that 
cyanogen  consists  of  two  proportionals  of  carbon  s  12.  and  1  of  nitro- 
gea  =  14,  the  nitrogen  having  suffered  no  change  of  bulk  by  uniting 
with  the  carbon ;  or  it  may  be  said  to  consist  of  two  volumes  of  gaseous 
carbon  +  one  volume  of  nitrogen,  the  three  being  condensed  into  one 
Tolome.    Its  representative  number  is  26. 

The  following  symbols  exhibit  the  mixture  of  cyanogen  with  oxygen 
in  the  above  proportions,  uid  the  result  of  their  detonation : 


•  Baipedfic  gimntj isto olygenM  1.025:1;  now  1.625  X  2 »3.25(it9 atom.):  niso, 
J.25  ■  joAtt  timn  (0.135)  the  atom  of  l^drogen. 
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Before  detonation. 

One  proportional  of  Cyanogen  and  foot  of  Oxygn^. 


°T™ 

8. 

8. 

8. 

After  detonation. 

t  proportional  of  Kitzogea.  Two  proportioaab  of  Caibonift  Acid. 


6. 

Oxygen 

8. 

6. 

8. 

8. 

448.  Cyanogen  and  Oilorine  combine  and  produce  the  OUorocyanic 
2jjJJjJj*y*"(M:irf.  M.  Gay-Lussac  procured  this  componnd  by  passing  a  current  of 
d&riM.       chlorine  through  a  solution  of  hydrocyanic  acid  (452)  in  water,  till  the 

liquid  discoloured  a  diluted  solution  of  indigo  in  sulphuric  acid.  He 
then  deprived  it  of  excess  of  chlorine  by  agitation  with  mercury.  To  se- 
parate chlorocyanic  acid  from  this  liquid,  he  took  a  glass  cylinder,  filled 
it  two-thirds  with  mercury,  and  then  to  the  brim  wiUi  the  above  liquid, 
and  inverted  it  in  a  basin  of  mercury.  This  basin  and  cylinder  were 
put  under  the  receiver  of  ah  air-pump,  and  the  air  drawn  out,  till  the 
mercury  and  liquid  were  displaced  ;  the  cylinder  became  filled  with 
the  vapour  of  chlorocyanic  acid  ;  on  admitting  the  air,  the  vapour  con- 
densed into  a  liquid,  and  the  mercury  rose  in  the  cylinder.  It  may 
also  be  obtained  by  carefully  distilling  the  liquid  into  a  receiver  sur- 
rounded by  ice. 

449.  Chlorocyanic  acid  thus  obtained  is  a  colourless  and  very  vola- 
tile liquid,  having  a  peculiar  and  irritating  odour.  It  reddens  litmus ; 
is  not  inflammable ;  and  does  not  form  detonating  mixtures  either  with 
oxygen  or  hydrogen.  \ 


rtdHoctahic  acid. 
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^  460.  It  appears  from  the  researches  of  Oay-Lussac,  that  this  acid. 
To  its  pure  and  gaseous  state,  consists  of  1  proportional  of  dyanogen  + 
1  proportional  of  chlorine,  or  26  +  36  =  62.  The  gases  by  combi- 
aation  suffer  no  change  of  volume ;  hence  the  following  symbols  re« 
present  its  composition  and  yolume. — Annaits  de  Cfttinte,  xcv.  205. 


CfUMgeo 
9S.0 

ChloriiM. 
36 

Cblorocyanic  Add 


45 1 .  Iodine  and  Cyanogen  form  a  volatile  solid  compound,  which  col-  ^^^^  ^ 
lects  in  flocculi,  and  has  an  acrid  taste  and  pungent  smell ;  it  may  beoosra  9a!Z- 
formed  by  heating  iodine  with  cyanuret  of  mercury .-^Davt,  ^itart.^^' 
J(mm.  i.  289. 

462.  Cyanogen  and  Hydrogen — Hydrocyavie  or  PTVttie  actd.— *ThiB  ^^^^  ^  ^ 
triple  compound  may  be  obtained  by  moistening  cyanuret  of  mercury  nogeo  104 1^ 
with  muriatic  acid,  and  distilling  at  alow  temperature,  having  surround-  ''*^"' 

ed  the  receiver  with  ice. 

463.  A  liquid  is  thus  obtained  which  has  a  strong  pungent  odour, 
rery  like  that  of  bitter  almonds  ;  ite  taste  is  acrid,  and  it  is  highly  poi- 
sonom.  It  volatilizes  so  rapidly  as  to  freeze  itself.  It  reddens  litmus. 
The  sperJficgravity  of  its  vapour,  compared  with  hydrogen,  is  13.5,  so 
that  100  cubic  inches  weigh .  28.579  grains ;  detonated  with  oxygen  it 
gives  as  results,  one  volume  of  carbonic  acid  gas,  half  a  volume  of  hy- 
drogen, and  half  a  volume  of  nitrogen ;  so  that  it  consists  of  1  volume 
of  cyanogen  +  1  volume  of  hydrogen,  and  its  representative  number 
18  27. 

454.  The  hydrocyanic  acid  is  used  in  medicine,  and  several  formutsa 
have  been  given  for  its  preparation  :  the  following  affords  the  acid  of  a 
convenient  strength,  and  is  that  which  is  adopted  at  Apothecaries*  Hall. 
One  pound  of  cyanuret  of  mercury  is  put  into  a  tubulated  retort  with 
six  pints  of  water,  and  one  pound  of  muriatic  acid,  specific  gravity  1. 
15;  a  capacious  receiver  is  luted  to  the  retort,,  and  six  pints  are  dis- 
tilled over.  The  specific  gravity  of  the  product  is  0.995.  As  this 
acid  in  its  dilute  state  suffers  partial  decomposition  by  keeping,  it  should 
be  prepared  in  small  quantities  only  for  pharmaceutical  use^and  pre- 
served in  vessels  excluded  from  light.    *' 

455.  It  appears  from  the  experiments  of  Mr.  Porrett  {PhU,  Trant, 
Ml 4,)  and  from  those  of  M.  Qay-Lussac  (^Ann.  de  Oiim.  xcv.)  that  cy- 
anogen is  capable  of  forming  a  compound  with  sulphuretted  hydrogen. 
It  may  be  obtained  by  mixing  one  volume  of  cyanogen  with  one  and  a 
half  of  sulphuretted  hydrogen  ;  they  slowly  combine,  and  form  a  yellow 
crystallized  compound. 

456.  According  to  Dr.  Thomson,  Mr.  Porrett  obtained  an  analogous 
body  by  a  much  more  circuitous  process ;  he  has  termed  it  sulphuret- 
td  diyazic  acid ;  and  Dr.  Thomson,  who  regards  it  as  consisting  of  cy-  . 
anogen  and  sulphur  only,  calls  it  Stdpkocyanic  addf — Sytt.  V.  ii.  p.  290. 
He  describes  it  as  soluble  in  water  ;  of  a  smelhresembling  vinegar ; 
and  decomposed  by  repeated  distillation. 
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457.  The  couipound  described  by  Gay-Lussac  consists  of  two  pre 
portionals  of  cyanogen,  three  of  sulphur,  and  three  of  hydrogen  ;  Dr. 
Thomson  considers  it  as  containing  two  of  cyanogen  and  three  of  sul- 
phur ;  this  would  give  as  its  ultimate  constituents, 

4  Proportionals  of  carbon 22.8 

2  of  nitrogen 26.0 

3  of  suli&r 46.0 

93.8* 

468.  Sir  H.  Davy  has  noticed  the  production  of  a  compound  of  sul- 
phur and  cyanogen,  obtained  by  heating  a  mixture  of  sulphur  and  cyan- 
uret  of  mercury  ;  and  by  heating  phosphorus  with  cyanuret  of  mer- 
cury, a  cyanuret  of  phosphorus  appears  to  be  formed, 
tiaieawitb  ^59.  Cktrbon  and  Sulphur^Sulphuret  of  Carbon.  This'  is  a  liquid 
•uipbv.  obtained  by  passing  sulphur  over  red-hot  charcoal.  When  parified  by 
re^distillation,  it  is  transparent,  colourless,  and  insoluble  in  water,  but 
soluble  in  alc<>hol  and  eiher  ;  its  refractive  power  in  regard  to  light  is 
very  considerable.  Its  specific  gravity  is  1.272.  It  boils  at  106®,  and 
does  not  freeze  at — 60^.  It  is  very  volatile,  and  has  a  pungent  taste 
and  peculiar  fetid  odour.  The  cold*which  it  produces  duru^g  evapo- 
ration is  so  intense,  that  by  exposipg  a  thermometer  bulb,,  covered 
with  fine  lint,  and  moistened  with  it,  in  the  receiver  of  an  air-pun^,  the 
^enperature  sunk,  after  exhaustion  to  -^  ^O^".  When  a  mercurial 
thenoosieter  was  osed»  the  metal  froze* 

460.  Sulphvinat  of  carbon  is  inflammable,  and  when  burned  with 
oxygen,  produces  sulphurous  and  carbonic  acids.  It  consists  of  1 
proportiomd  of  charcoal  and  2  of  sulphur  ;  6  +  ^Z  ss  3is.  (Bbrzeli-* 
vs  and  Marc&t,  PhU.  Tram.  1813).  It  was  discovered  by  Ldrnpadius, 
who  called  it  Mcohol  of  5i/plMir.— Cnfiix's  Mnals^  1796,  ii. 

461.  A.  portion  of  carburet  of  sulphur  appears  to  be  frequently  for- 
med during  the  production  of  inflammable  gajs  from  coal  (431),  and  to 
be  retained  in  the  state  of  vi^ur  by  the  gas  after  its  purification  by 
lime;  such  gas  gives  »  strong  sulphurous  smell  when  burned,  although 
perfectly  cleansedfrom  sulphuretted  hydrogen^ — Brands,  Pkil.  Trans. 
1820,  p.  19. 

iT^<uMvith        462.  Carbon  and  Photphorus — Phosphuret  of  Carbon, — To  obtain 
-.     I  ^  com|>ound,  Dr.  Thomson  directs  the  following  process  :  (System 

u  p.  276.)  AUow  phosphuret  of  lime  to  remain  in  water,  till  it  no 
longer  evolves  gas  ;  then  add  to  the  liquid  excess  of  muriatic  acid,  a^- 
tate  for  a  few  moments,  and  throw  the  whole  upon  a  filter.  Phosphu- 
ret of  carbon  remains,  whicl^is  to  be  washed  and  dried.  This  com- 
pound is  a  soft  powder,  of  a  yellowish  colour,  without  taste  or  smell  ; 
exposed  to  air,  it  slowly  imbibes  moisture,  and  acquires  an  acid  flavour. 
Exposed  to  a  red  heat,itburnfi,  and  gradually  gives  out  its  phosphorus, 
the  charcoal  being  prevented  burning  by  a  coating  of  phosphoric  acid. 
It  consists  of  phosphorus  0.62  +  carbon  0.38  (Thomson's  Annah. 
jriii.  ^  1 57 . )     These  numbers  closely  correspond  with 

Phosphorus  1  proportional ^  12 

Carbon  1  ditto. 6 

18 

•  The  gabstaoce  deacribed  by  Mr.  Potrett  is  eridently  distinct  from  that  inentianed  b> 
Gtnr-Lasnc,  which  is  not  four,    ^ut  tlie  Bstnre  of  these  Gompoundfl  is  as  yet  imperfectiy 
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It  would  appear  from  the  mode  of  of  obtaining  this  phosphnret,  that 
it  fonns  an  ingredient  in  phosphuret  of  lime,  as  usually  prepared. 


Sbctior  VI.    Boron. 

463.  This  substance  is  obtained  by  heating  in  a  copper  tube  two  part9  Mode  ^f  4 
of  the  metal  called  potassium,  with  one  of  boracic  acid  previously  ^'*'^* 
fused  and  powdered.  In  this  experiment  the  boracic  acid,  which  con- 
sists of  boron  and  oxygen,  is  decomposed  by  the  potassium.  The 
fosed  matter  is  washed  out  of  the  tube  with  water,  and  the  whole  put 
upon  a  filter.  The  bofon  remains  in  the  form  of  a  brown  insipid  inso- 
luble powder,  unaltered  by  exposure  to  air  at  common  temperatures, 

but  when  heated  to  600^  it  bums  with  much  brilliancy,  especially  in 
oxygen  gas,  and  produces  boracic  acid.  It  is  a  non-conductor  of  elec- 
tricity. 

464.  Boracii;  acid  is  usually  obtaiqed  by  ^ssobrtng  the  salt  called 
borax  in  hot  water,  and  subsequently  adding  hedf  its  we^ht  of  sulphu- 
ric acid ;  as  the  solution  cools,  white  scaly  crystals  app^r,  which, 
when  washed  with  cold  water  are  neariy  tasteless,  and  which  eonsist  of 
boracic  acid  combined  with  water,  and  retaining  a  little  sulphuric  add, 
which  it  loses  by  exposure  to  a  strong  red  heat,  and  fuses  into  a  ^lasv. 

Boracic  acid  is  very  difficulty  soluble  in  water  ;  the  solutioB  red* 
dens  vegetable  blues,,  but  possesses  the  lingular  property  of  render* 
ing  the  yellow  of  turmeric  browi^,  in  the  manner  of  an  i&ali.  its 
solution  in  spirit  of  wine  bums  with  a  green  flame.  This  acid  was  first 
obtained  by  Homberg,  in  170S,  and  was  used  in  medicine,  under  the 
name  of  Hotnberg^s  Sedaiive  SalU  Its  nature  was  first  shown  by  Davy, 
in  1807. 

465.  The  experiments  upon  the  composition  of  boracic  acid  are 
much  at  variance.  Berzelius's  detennination  probably  approaches 
nearest  to  truth  {  he  regards  it  as  containing  1  boron  +  3  oxygen 
(Thomson's  Syttem^  Vol:  i.  p.  249,  Sth  edit.)  If,  therefore,  we  con- 
sider it  as  consisting  of  1  proportional  of  boron  and  2  of  oxygen,  the 
number  representing  boron  will  be  5,  and  boracic  acid  will  consist  of 

1  Bdrai.    &38 
3  Oi^en.    16 

Boreic&cid.   SiTtt 

466.  Native  horacie  acid  has  been  found  in  the  Lipari  islands,  and 
also  in  the  hot  sprin^iof  Sasso,  in  the  Florentine  territory  ;  hence 
the  tenn  Sa$soHn  applied  to  it  by  some  mineralogists. 

467.  The  boracic  acid  forms,  with  ammonia,  a  Borate  of  ammonia^ 
composed  according  to  Berzelius  {Annals  of  Philosophy^  iii.  57,)  of 

37.95  Acid 
90.39  Ammmia. 
31.73  Water. 

468.  Boron  bums  in  chlorine,  but  the  chloride  has  not  been  examin- 
aed,  nor  have  its  other  compounds  been  investigated. 
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469.  Tbk  Eoi^h  troy  powid  is  sulMlmded  into  twplvA  ounces,  and 
^ach  ounce  ifi  equal  to  480  grains.  The  subdivisions  of  the  troy 
ounce,  called  ApaUucaries  wetf^hi^  are  into  8  drachms,  each  drachm  into 
3  scruples,  and  each  scruple  mto  20  grains.  The  troy  ounce  is  also 
sometimes  divided  into  20  penny  weights,  of  24  grains  each.  These 
are  the  weights  generally  employed  by  chemists,  but  for  philosophi- 
cal purposes  ambiguity  is  most  easily  avoided  by  employing  the  graia 
as  integer  :  and  the  laboratory  should  be  provided  with  good  sets  of 
weights,  from  one  thousand  grains  downwards  ;  the  grain  should  be  de- 
cimally sub^vided  into  tenths  and  hundredths. 

470.  The  standard  of  most  articles  bought  and  sold  in  common  life  is 
the  avoirdupois  pound,  which  is  equal  to  7000  troy  grains,  and  is  divid- 
ed into  16  ounces,  of  437.6  troy  grains  each.  The  avoirdupois  ounce 
is  le^y  divided  into  16  drachms,  of  27.34375  grains  each  ;  but  this 
division  is  rejected  in  all  ordinary  oases,  in  consequence  of  the  confu- 
sion likely  to  result  between  the  troy  and  avoirdupois  drachm,  so  that 
the  term  araehm  is  almost  exclusively  employed  to  denote  the  eighth 
part  of  a  troy  ounce,  or  60  grains. 

471.  For  measures  of  capacity,  the  wine  pint  is  usually  employed, 
which  corresponds  to  28.875  cubical  inches  of  water,  at  a  temperature 
of  60^.  It  is  subdivided  into  16  ounces  ;  the  ounce  into  8  drachms. 
Two  pints  make  a  quart,  and  4  quarts  a  gallon.  ^ 

472.  The  o/eptfU  contains  35.25  cubical  inches  of  water,  at  60^. 

473.  For  chemical  use  the  most  convenient  measure  is  the  bulk  oc- 
cupied by  the  troy  ounce  of  distilled  water,  which  may  be  subdivided 
into  480  grains,  and  which  is  equal  to  1.6047  cubical  inches. 

474.  The  length  of  the  pendulum,  vibrating  seconds,  in  vacuo^  in  the 
latitude  of  London  (51<'  3r8'U  North  at  the  level  of  the  sea,  and  at  the 
temperature  of  62*",  is  ^  32.13929  inches  of  Sir  George  Shuckbui^s 
standard  scale. — ^KATER,PAt7.  Trans,  1819,  p.  415. 

475.  In  the  following  Tables  are  shown  the  subdivisions  of  the  Eng- 
lish troy  and  avoirdupois  pounds,  and  of  the  English  wine  gallon,  and 
their  correspondence  with  the  French  gramme  aiki  litrt. 
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ENGLISH  WEIGHTS  AND  MEASURES. 

476.  Tbot  Wbiobt. 

PDund.    OanoM.    Dnns.      Scraples.       Gnins.  Gnnunes. 

1      s=    12    s=  96    Bs     288      :s    6760  «  873.96 

1    s     8    »      34               480  «  Sl.OB 

1    es        3      »        60  =  3.885 

1      s       90  s  1.295 

1  tss  0.06475 


477.  Aymrsdpoib  Wxioht. 

Rmnd.       Onooei.       Ihmt*          Qnma, 
I        -s    16      =?    256      =    7000 
•1                le     =      437.5 

1       cs        37.34375 

SB 

Gnininu. 
453.25 
28.328 
1.7705 

478.  Wins  MsAsoES. 

GaL       Pints.    Omioet.    Dnna.       Cob.  Indi.  Litres. 

1     =     8     s9  128    »  1024  sm          231  ««  3.78515 

1     ca    16    e=     128  »      28.875  ^^  0.47398 

1   w        8  a      1.8047  ^  0.02957 

1  »      0.2256  as  0.00896 


FRENCll  YFEIGHTS  AND  MEASURES. 

479.  Tbb  French  metrical  system  is  foqnded  on  a  single  standard  of 
length,'  called  a  metre^  and  which  is  equiralent  to  the  ten  millionth  part 
of  the  arc  of  the  meridtan»  extending  from  the  equator  to  the  pole. 
The  length  of  the  metre,  at  the  temperature  of  dS^*,  as  ascertained  bj 
Captain  Kater  {Phil.  Tram.  1818,)  is  39.37079  En^ish  inches. 

480.  The  French  measures  increase  and  decrease  in  decimal  pro- 
portions, a  distinctiye  prefix  being  put  to  the  term  bj  which  the  inte- 
ger is  called.  These  prefixes  are  deca^  hecto^  kilo^  and  myria^  taken 
from  the  Grbck  nmnerals,  to  express  the  muUiplicatum  of  the  integer 
by  10,  100,  1000,  and  10000  respectively  :  and  dea,  centi,  and  millu 
from  tke  Lativ  numerals,  to  express  the  division  of  the  integer  by  10, 
100,  or  1000 ;  as  m  the  following  Table  : 

Metrri.  X«tre. 


1  Mjviuiietie  «>  lOQOO 

1  Kilometi^.  .  i»    1000 

I  Hectometre  «»      100 

1  Decametre  aa        10 


1  Jdetre '^  1^ 

1  Decimetre    .  .   as^  0.1 

1  Centimetre  .  .   =9  0.01 

1  Millimetre    .  .   ^  0.001 


481.  The  metre  is  the  integer  of  the  measure  of  length,  and  from 
it  all  measures  of  surface,  capacitjr,  and  weight,  are  deduced  as  follows. 

For  square  dimensions,  the  metre,  or  its  parts  squared,  are  employ- 
ed. When  used  for  measuring  land  the  term  are  is  adopted,  which  is  a 
decametre  squared.  A  hectare^  or  100  ares^  is  about  equal  to  2  English 
acres. 

For  the  inti^er  of  the  measure  of  capacity,  the  cubed  decimetr<e  is 
employed,  under  the  name  of  ii<r«,  which  is  about  equal  to  2|  English 
wine  pints. 

For  the  integer  of  the  measure  of  weight,  the  weight  of  a  cubic  cen- 
timetre of  distilled  water,  at  32^ ,  has  been  adopted  :  it  is  called  a  gram- 
mcy  and  is  equal  to  1 5.4  English  grains. 

482.  The  following  are  the  principal  Tables  df  French  Weights  and 
Measures,  which  wiU  be  found  usefiil  in  the  laboratory.  lo  Appendix 
11.  of  AnuN's  Dictionary.Xhe  chemical  reader  will  find  several  others 
showing  the  relation  of  the  French  to  the  English  standards : 
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FRENCH  WEIGHTS  AND  MEASURES. 


483.->MiABUEBS  ot  LiNonr. 

Engltih  Inches. 

«» 

.03937 

Centimetre 

0a 

.39371 

• 

Decimetre 

^ 

9.93710 

• 

Metre 

t^ 

39.37100 

Bill.  For. 

Yds.   Feet    lo. 

Decametre 

IK 

393.71000 

«*       0       0 

10       2       9.7 

Hecatonetre 

am 

3937.10000 

»       0      0 

109       1        1 

Kilometre 

BS 

39371.00000 

»       0       4 

213       1      10.2 

Myriometra 

383710.00000 

484.-^M>A|DEif 
Cubic  laches. 

«       6       1 
iw  CATAcirr. 

156       e       6 

Millilitre 

^ 

.       .06103 

EngUsk. 

Centilitre 

=s 

.61028 

Decilitre 

= 

6.10280 

Tom.  Hogs. 

WtaeG.  Pinto. 

Litre 

e= 

61.02800 

•=    0    y 

0.          11133 

Decalitre 

=» 

610.28000 

*.       0       0 

2.          5.1352 

Hecatolitre 

CSS 

6102.80000 

=       00 

26.419 

Kilolitre 

= 

61028.00000 

«     1     • 

12.19 

Mjriotitre 

610280.00000 
485.'-MxAiuii8 

«      10       1 
ov  Wbiobt. 

58.9 

Milligramme 
Centigramme 

s 

.0154 
.1544 

ss 

1.6444 

Gremme 

S9 

15.4440 

FoulOul 

Dram. 

Decagramme 

ss 

154.4403 

==:           0           0 

5.65 

Hecatognmixie      =b 

1544.4023 

=r          0          3 

8.5 

Kilopamme 
Mynqgramme 

sss 

15444.0234 

»        2        3 

5 

= 

154440.2344 

:=     22       1 

2 

TABLE    or    THE   SPECIFIC   GRAVITY   O^   WATER,   AT   EVERT   DEGREE  OF 
TEMPERATURE,   FROM   30^  TO   80^    FAHR. 

486.  The  following  Table  is  given  by  Mr.  Gilpin,  in  tbe  84th  vol- 
tune  of  the  Philosophical  TroMoctums^  and  is  of  essential  use  fot  taking 
the  specific  gravities  both  of  solids  and  fluids,  by  enabling  the  operator 
to  reduce  the  weight  or  bulk  of  the  distilled  water,  employed  in  any  case, 
to  that  which  it  would  have  at  any  other  common  temperature,  and  par- 
ticularly to  60^,  which  is  the  usual  standard. 

487.  Thus,  for  example,  since  the  specific  gravity  of  water  at  47^  is 
1.0008,  and  at  GO^'  is  1.00000,  and  (consequently  10008  grains,  at  47<^, 
are  equal  in  bulk  to  10000  grains  at  60^,)  it  foUows  that  it  would  re* 
quire  252.708  grains,  at  47*,  to  equal  the  space  of  a  cubic  inch  ;  for 
10000 :  10008  ::  252.506,  (the  weight  of  a  cubic  inch  at  GO'',)  :  252.708. 

488.  The  remarkable  anomaly  of  the  specific  gravity  of  water  decreas- 
ing through  all  the  degrees  of  temperature  below  40*,  or  thereabouts, 
that  it  remains  uncongealed,  has  been  noticed  under  the  article  Heat 
(60) ;  but  the  difference  for  one  or  two  degrees  above  or  below  40^  is 
so  tniOing,  that  it  has  hardly  yet  been  ascertained  with  perfiect  accuracy. 
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489.  TABLE  OF  THE  SPECIFIC  GRAVITY  OF  WATER. 

AT  EVERT  DEGREE  OF  TEMPERATURE,  FROM  30^  TO  80^  FAHR. 


F»hr. 
SO®" 

31 
32 
33 
84 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 


specific  6r. 


Fahr. 


1.00074 

56*> 

1.00078 

57 

1.00082 

58 

1.00085 

59 

1.00088 

60 

1.00090 

61 

1.00092 

62 

1.00093 

63 

1.00094 

64 

1.00094 

65 

1.00094 

66 

1.00093 

67 

1.00092 

68 

1.00090 

69 

1.00088 

70 

1.00086 

71 

UOO083 

72 

1.00080 

73 

1.00076 

74 

1.00072 

75 

1.00068 

76 

1.00063 

77 

1.00057 

78 

1.00051 

79 

1.00045 

80 

1.00038 

Specific  Or. 

1.00031 
1.00024 
1.0001^ 
1.00008 
1.00000 
0.99991 
0.99981 
0.99971 
0.99961 
0.99950 
0,99939 
0.99928 
0.99917 
0.99906 
0.99894 
0.99SS2 
0.99869 
0.99856 
0.99843 
0.99830 
0.99816 
0.99802 
0.99788 
0.99774 
0.99759 


TABULAR    VIEW   OF    SPE<:iFIC   GRAVITIES,   REPRESENTATIVE   OF 
EU^UIVALENT   NUMBERS,  ^C. 

490.  Tbe  following  Table  shows,  at  one  view,  the  specific  gravities 
of  the  simple  substances  described  in  this  yolame,  and  of  their  mutnal 
combinations  ;  it  also  exhibits  their  equivalent  numbers,  and  th«  pro- 
portions in  which  they  combine. 


164 


TABU  L AH   V(I(W   %P 


h 

O 

5 

ll 

o 

H 

O 

11^ 

^  f  ^ 

+  +    ; 

r  1     v^ 

i   " 

9 

1  s  $ 

i 

s 

OB 

*• 

s   ^ 
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t-       OS 

»4 

V 

5 

1 
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1 
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^ 
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1 
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S      1      B 
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B 
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X 
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*. 

C 

n 

D 
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• 

s 
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: 

3 

M 
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C 
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^1 
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.a 
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^ 
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-1 

H 

J 

k 

-J 
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73 
0) 
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O 

H 
« 
Q 

A. 

% 
O 
Q 


y 


I! 


n 

a 


«   -a 
•g    + 

+   2 


+ 

CD 

•i 


i^    +     + 
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n    fiQ    0) 


«0      SI      ?^ 


8S    i 

3   ^ 


15 


TABLE  SHOWING  THE  CONNEXION  BETWEEN  THE 

ATOMS   OP   GASES   AND    THEIR    SPECIFIC    OBAVITIES. 

(Deduced  from  Thomson's  paper  in  the  nnnals  of  Philos.  Vol.  16,  for  the 

^ear  1820.) 


OASES. 


Atom  of  by-.  Specific  ym- 
irogca  that  I  riliei  coin- 
of  oiy^ftA  I  pared  witi) 
N<*in«j  =  I.         hydrogen. 


S|ieeific  gravi- 
ticf  comi>are4l 
with  oxygen. 


Ateras  coin- 
pared  with 
oxygen. 


Chlorine 0.12^6   X  36  =  2.2500  X  2  =  4.60C 

Hydrogen 0.125   X  1  a:  0.0626  X  2  «  0.125 

Nitrogen 0.126   X  14  :=s  0.8760  X  2  =  1.750 

Steam 0.125   X  9  a  0.5625  X  2  ^  1.126 

Protoxide  of  nitrogen     .     .  0.125  X  22  «  1.3750  X  2  «  2.750 

Iodine  vapour 0.125   X  125  «  7.8125  X  2  =»  15.226 

Sulphur  vapour    .     .     .     .  0.125  X  16  «  1.0000  X   2  =  2.000 

Sulphurous  acid    .     .     .     .  0.125  X  32  =  2.0000  X   2  =  4.000 

Sulphuretted  hydrogen  .     .  0.125  X  17  =  1,0625  X  2  =  2.126 

Phosphorus  vapour  ...  0.125  X  12  =  0.7600  X   2  =  1.600 

Phospburetted  hydrogen      .  0.126  X  13  =  0.8125  X    2  :s=  1.626 

Bihydroguret  of  Phosphorus  0.125  X  14  =  0.8760  X  2  =  1.760 

Carbon  vapour      ....  0.125   X  6  =  0.3750  X   2  =  O.760 

Carbonic  oxide     .     .     .     ,  0.125  X  14  ==  0.8760  X  2  =  1.760 

Chloro  carbonic  acid      .     .  0.125  X  50  =  3.1250  X  2  =  6.260 

Carbonic  acid 0.125  X  22  =^  1.3750  X  2  =  2.750 

Olefiaotgas I  0.126  X  14  =  0.87BO  X  2  =  1.750 

Carburetted  hydrogen    .     .1  0.125  X  8  s=  0.5000  X  2  =  1.000 

Carburet  of  nitrogen     .     .  I  0.125  X  26  =  1.6250   X   2  =  3.260 


Note.  From  the  what*  it  will  be  seen,  that  all  the  f^afiefi  diere  meotioQcd,  have  their  atoms 
jost  ttouhU  their  specific  giwitles,  when  oxygen  is  taken  as  the  rtBodard  for  both ;  further, 
that  eveiy  atom  is  exactly  a  raultjpl«  by  a  whole  number  of  tlie  atpm  denoting  Hydrogen, 
and  that  this  vrfaolc  niunber,  is  always  the  number  qf  times  which  each  gas  weighs  an  equal 
balk  of  hydrogen;  or,  in  other  words,  its  specific  ^vity  when  compared  with  hvdrogen. 
Tfae  following  few  gases  are  exceptions  to  the  foregoing^  laws  thoogfa,  they  also,  follow  a  re- 
galar  order. 


GASES. 


Atom  of  hy- 
drogen (oxy- 
gen) =  1. 


Sp.  gr.  com< 
pared  with 
hydrogen. 


Sp.  gr.  com- 
pared with  oxy- ! 
gi-n. 


Atoms  com- 

par<;d  with 

oxyg«D. 


Oxygen 

AouDonia  .... 
Deutoxide  of  nitrogen 
Muriatic  acid  gaa  .  . 
Hydriotic  acid  •  . 
Nitroos  acid  gas  «  . 
Protoxide  of  chlorine 


0.125X  8(^) 

0.126X  n^ftwice] 
0.126X  30.(  twice; 
0.126X  37.(twice 
0.125  X126.(twice 
0.I25X  30.f twice 


=1 

=0.63125 

=0.9375 

=  1.1560 

=3.9375 

^0.9375 


XI 
X4 
X4 
X4 
X4 
X4 


1.000 

=  2.126 

=  3.760 

=  4.626 

16.760 

3.760 


disagrees  with  the  rest 


IVole.  The  brackata  conlaio  the  proportions  which  the  foregoing:  numbers  nndcr  the 
fad  oohuvi  bear  to  theh-  specific  mnties  when  compared  with  hydrogen,  thus  8  is  * 
the  nedfic  nanty  of  oxygen,  and  17  doable  that  of  anomonia.  It  will  be  seen  that  wiUi 
ona^Eoe^  (oirgeii)  &  nmnbert  in  the  column  oC  moltiplea  of  this  table  »«^.  ««J- 
ridMlly.^mble  tboea  m  the  same  cofaimn  of  the  first  table ;  ond  further  that  (with  the 
same  oLceptions)  the  multiple  of  the  atom  of  hydrogen  m  this  last  table  is  just  double 
■^^^  r-*  -     .     -  •'..«!   i^ihrogghout,  exactly  the  specific 


dteycific  igrwnji  wlitieu,  m  tbt fir«»  Hs multl 

A  A 


IM 
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CHAPTER  V. 


<#F  THE  METALS,  AJ9D  THEIR  COMBI9ATIONS. 

601.  THE  metals  constitute  a  nuitteroas  and  important  class  of  sint: 
pie  substances  ;  many  of  them  were  diligently  examined  by  the  older 
chemists,  who  have  left  us  valuable  information  concerning  them; 
many  are  of  more  recent  discovery ;  and  the  existence  of  seTeral 
others  has  been  demonstrated  within  the  last  twenty  years. 


The  metals  are  forty-two 

in  number. 

1 

Gold 

22 

Colombium 

JfioBberof 

2 

Silver 

23 

Palladium 

mXMU. 

3 

Copper 

24 

Rhodium 

4 

Iron 

26 

Iridium 

5 

Mercury 

26 

Osmium 

6 

Tin 

27 

Cerium 

7 

Lead 

28 

Potassium 

8 

Zinc 

29 

Sodium 

9 

Bismuth 

30 

Lithium 

10 

Antimony 

ai 

Barium 

11 

Arsenic 

32 

Calcium 

12 

Cobalt 

33 

Strontium 

13 

Platinum 

34 

Magnesium 

14 

Nickel 

36 

Silicium 

15 

Manganese 

36 

Alumium 

16 

Tungsten 

37 

Yttrium 

17 

Tellurium 

S8 

Glucium 

18 

Molybdenum 

39 

Zirconium 

19 

Uranium 

* 

40 

Thorinum 

20 

Titanium 

41 

Selenium 

21 

Chromium 

42 

Cadmium 

602.  Of  these  metals  the  firet  seven  were  known  in  very  remote 
ages.  The  ancients  designated  them  by  the  names  of  the  planets,  to 
which  they  were  supposed  to  have  some  mysterious  relation ;  and  each 
was  denoted  by  a  particular  symbol,  representing  both  the  metal  bdI 
the  planet. 

Gold  was  the  Sun,  and  was  thus  represented     0 


Aata^gf^, 


Silver 
Mercury 
Copper. 
Iron  •  . 
Tin.  .  . 
Lead  .  . 


Moon ]) 

Mercury g 

Venus 9 

Mars g 

Jupiter !(: 

Saturu jf 
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.Zinc  WBi  not  known  to  the  ancients^  though  they  were  probably  ac- 
quainted with  its  ores,  and  with  their  property  of  formiog  brass  when 
fused  with  copper*     (Pliny»  Lib.  xxxiy.  cap.  2  and  10.)     The  word 
Zinc  first  ocean  in  the  writings  of  Paracelsus,  who  died  in  1541 .     Bis- 
math  is  mentioned  in  the  Bermannus  of  Agncola,  written  about  1530.  TiMi  «r  4m- 
AntioDony  was  first  obtained  in  its  pure  state  by  Basil  Valentine  towards  ^^rr- 
the  end  of  the  15th  century.     The  process  is  described  in  his  Curmt 
Triumpkalis  AntimonU.      Arsenic  and  Cobalt  were  discovered  by 
Brandt  in  1733,  (^rto  Upsal.  1733  and  1742)  ;  their  ores  were  known 
at  a  much  earlier  period.     Platinum  was  first  recognised  as  a  peculiar 
body  in  1741,  by  Mr.  Charles  Wood,  Assay-Master  in  Jamaica.     (PAt7. 
Tran9»  Vol.  xliv.)     In  1751,  the  distinctive  characters  of  Nickel  were 
shown  by  Cronstedt  {Stockholm  Transactions)^  and  Manganese  was  ob- 
tained by  Gahnin  1774.     (Bergman's  Opusctda^  Vol.  ii.)     Tungsten 
was  discovered  by  M.  M.  Delhuyart  in  1 78 1.    (Mimoires  de  Twdowe), 
Tellurium  and  Molybdenum  by  MuUer  and  Hielm,  in  1782.     Uranium 
by  Klaproth  b  1789.     Titanium  by  Mr.  Gregor,  in  1789.     Chro- 
raiom  by  Vauquelin,  in  1797.     Uinnales  de  Ckimis,  Vol.  iucv.)     In 
1802,  Mr.'  Hatchett  discovered  Columbium.     (PkU.  Trans.)    Palla- 
dium and  Rhodium  were  discovered  by  Dr.  Wollaston  ;  and  Iridium 
and  Osmium  by  Mr.Tennant,  all  in  1803.  {FhiU  Trans.)    Cerium 
-was  announced  in  1804  by  M.  M.  Hisinger  and  jBerzelius.     (Gehler's 
Journal,  ii.)     Potassium  and  Sodium  were  discovered  in  1807  by  Sir 
H.  Davy,  whose  experiments  also  led  to  the  discovery  of  themetalUc 
natare  of  the  ten  following  bodies.     Thorinum  'and  Selenium  were 
announced  by  Berzelius  in  1815  and  in  1817 ;  and  Mr.  Stromeyer,  of 
Gotlingen,  dtfcovered  Cadmium  in  1818. 

503.  The  circumstances  under  which  metals  are  found  in  the  earth, 
will  be  stated  in  the  chapter  of  this  work  relating  to  geology.  It  may 
here  be  remarked,  that  they  seldom  occur  in  an  uncombined  state,  but 
almost  always  united  to  oUier  substances,  as  in  the  four  following 
cbises : — 

'  i.  Naiivt  meiah  are  those  which  occur  pure  or  alloyed,  and  have^^^^  ^^^  . 
but  a  feeble  attraction  for  oxygen  ;  such  as  platinum,  gold,  silver,  mer-biaatbos.  "^ 
cury,  and  copper. 

ii.  Metals  ctranbinedmik  sifnple  supporters  of  combustion.     The  com--.withiiinpie 
pounds  belonging  to  this  class  are  chiefly  native  metallic  oxides:  thereJ^J^JJ^' 
are  also  a  few  native  Moridesy  but  no  iodides  have  hitherto  been  dis- 
covered.    The  fluorides^  of  which  there  are  a  few,  may  also  be  re-< 
girded  as  belonging  to  this  class. 

iii.  Metals  combined  with  simple  inflammaldts.     This  class  includes— Witt 
the  native  metallic  sulphurets,  a  very  numerous  and  important  series  ofEi'J"*" 
ores.    One  native  carburet  only  is  known,  that  of  iron.     There  are  no  ^ 

native  hydrurets,  phosphurets,  nor  borurets. 

iv.  Metals  in  combination  with  adds—MetaJUc  salts.     Of  these  the^vith  Ui^ 
most  common  are  the  native  carbonates,  sulphates,  tmd phosphates :  ther^ 
are' a  few  native  borates  i  and- a  few  species  belong  also  to  this  class  in 
which  the  oxide  is  united  to  ^metallic  acid:  such  as  the  native  arse* 
niates,  chromates^  tungslates^  and  'molybdaies» 

504.  The  metals,  as  a  class,  are  characterized  by  a  peculiar  lustre  and  Oflnmi  eba- 
perfect  opacity  :  they  are  excell^t  conductors  of  hfeat,  (74)  and  op*^^^'- 
electricity  (102,)  ' 

y  50^.  Jl^re  i9«the  greatest  difference  in  the  specific  gravity  of ^the 
different  metals,  the  heaviest  and  lightest  solids  being  inclnded  in  the  list. 
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The  principal  metals,  arranged  according  to  theif  «pecifie  graTitie»> 
stand  as  follow  : 

1  Platinum 21-^ 

2  Gold l»-30 

3  Tungsten l'^-^ 

4  Mercury l^-^O 

S?c"s^^2£:  6  Paladium 11-^ 

6  Lead    . n.35 

7  Silver 10.60 

8  Bismuth ^-80 

9  Uranium " ^'^ 

10  Copper • ^'^ 

11  Arsenic ^-^^ 

12  Nickel B.25 

13  Cobalt •  B-«> 

14  Iron 7.78 

16  Molybdenum 7.40 

16  Tin 7.30 

17  Zinc 7.00 

18  Manganese 6.86 

19  Antimony 6.70 

20  Tellurium 6.10 

21  Sodium 0.972 

22  Potassium 0.866 

506.  The  specific  gravity  of  solids  and  liquids  is  always  expressed 
in  numbers  referring  to  water  as  cs  1. 
x«thoaof  ae-     To  ascertain  the  specific  gravity  of  solids  we  employ  a  delicate  ba- 
tenmouvipe-imiee,  SO  coutrived  as* to  admit  of  substances  being  attached  to  one  of 
cificf«Ti^.  jjjg  g^^g  ^y  mg^ng  of  jj  horse-hair  or  a  fine  thread  of  silk.     The  ab- 
solute weight  of  the  body  thus  suspended  is  then  very  carefully  ascer- 
tained :  it  is  next  immersed  in  distilled  water,  of  the  temperature  of 
Of  MiMk      60^  ;  and  the  beam  being  again  brought  to  an  equilibrium,  we  learn 
the  weightiest  by  its  immersion ;  or,  in  other  words,  we  ascertain  the 
weight  of  its  bulk  of  pure  water.    We  now  divide  the  sum  of  its  abso- 
lute weight  by  that  of  the  weight  which  it  lost  in  water,  and  the  quo- 
tient is  its  tpectfic  weight,  or  gravity,  compared  with  water  of  the  tem- 
perature of  60**. 

Suppose  a  substance,  weighing  360  grains,  to  lose  60  by  immersion 
in  water^  the  specific  gravity  of  that  substance  will  be  ^  6  ;  for  3€0 
-5*  60  =  6. 
607.  For  ascertaining  the  specific  gravity  of  liquids,  we  generally 
^  •■^  employ  a  thin  phial,  holding  1000  grains  of  distilled  water,  at  the  tem- 
perature of  60^'.  If  filled  with  any  other  liquid,  and  weighed,  we 
learn  its  specific  gravity  ;  thus  we  should  find  that  it  would  contadn 
13600  grains  of  mercury  ;  1 850  grains  of  sulphuric  acid  ;  1 420  grains  of 
nitric  acid,  4*<^.,  which  numbers  of  course  represent  the  specific  gravi- 
ties of  those  liquids. 

A  bottle,  however,  holding  1000  grains  is  otlen  inconveniently 
large,  and  a  small  and  thin  globular  phiul,  with  a  piece  of  thermometer 
tube  ground  into  it  by  way  of  stopper,  will  be  found  more  useful  • 
such  a  phial  should  not  weigh  more  than  from  50  to  60  grains,  and 
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may  contain  between  4  and  500  grains  of  water.  To  use  it,  it  should 
be  accurately  counterbalanced  in  a  delicate  pair  of  scales,  and  then 
^ed  with  distilled  water,  and  the  stopper  thrust  in,  the  capillary 
openiug  in  which  allows  a  little  to  ooze  out,  and  prevents  the  likeli- 
hood of  bursting  the  phial ;  it  is  then  to  be  wiped  clean  and  dry,  and 
-igain  carefully  weighed,  by  which  the  quantity  of  water  it  contains  is 
ascertained  ;  the  water  being  poured  out,  it  is  next  filled  with  the  li- 
quid whose  specific  gravity  is  required,  taking  care  that  it  is  of  the 
9ame  teipperature  as  the  water ;  we  then  weigh  as  before,  and  divide 
the  weight  by  the  former  weight  of  water,  the  product  gives  the  spe- 
cific gravity  required.  Thus,  suppose  the  phial  to  contain  425  grains 
of  water  at  the  temperature  of  46**,  it  will  be  found  to  hold  6737.6 
grains  of  pure  mercury  of  the  same  temperature  ;  and  5737.5  -?-  425 
=  13.6  the  specific  gravity  of  mercury.  Or,  supposing  the  liquid 
lighter  than  water,  such  as  alcohol,  of  which  we  may  assume  the  phial 
to  contain  350.6  ;  then  350.5  ^  425  =  0.824  the  specific  gravity  of 
the  alcohol  under  trial. 

508.  Among  the  metals,  some  are  malleable^  others  brittle. 

MzQleability ,  or  the  capacity  of  being  extended  by  the  hammer  be-)i«^i««b>i^*r 
iongs  to  the  following  metals,  in  the  order  followii^  : 


Gold 

Lead 

Silver 

Zinc 

Lift  and  order 
of  malleoble 

Copper 

Iron 

meUli. 

Tin 

Nickel 

Cadmium 

Palladium 

Platinum 

Potassium,  sodium,  and  frozen 

mercury, 

are 

also  malleable. 

509.  The  malleable  metals  are  also  ductile ;  that  is,  they  admit  of 
being  drawn  out  into  wires.  They  are  arranged  according  to  ductili- 
ty as  ibllows ; 


Gold 

Silver 

Platinum 

Iron 

Copper 


Zinc 

Tin 

Lead 

Nickel 

Paladium. 


Of  ductile  me- 
talf. 


510.  Different  metallic  wires  are  possessed  of  different  degrees  of 
teniocitti,  by  which  is  meant  the  power  of  supporting  a  weight  without 
breaking.  According  to  the  experiments  of  Guyton  Morveau,  the 
rollowing  are  the  weights  capable  of  being  sustained  by  wires  yVoV^^ 
^  a  line  in  diameter. — Annates  de  Chimie^  Ixxi. : 


A  wire  of  Iron  suppports 
Copper 
Platinum 
Silver  . 
Gold  .  . 
Zinc  .  . 
Tin  .  . 
Lead     . 


Iba.    decimal 
avoird.   parts. 

549.250 
302.278 
274.320 
187.137 
160.763 
109.540 

34.630 

27.621 


M«lal8  pos* 
Mtsinii^tpnaci- 
tjr.  with  the 
power  of  each- 
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511.  The  folowing  metals  are  brittle : 

Antimony  Manganese 

Arsenic  Molybdenum 

Bnta.«*ti..                 Bismuth  Tellurium 

Cerium  Tungsten 

Chrome  *                                 Titanium 

Cobalt  Uranium. 
Columbium 

612.  None  of  the  metals  are  very  hard,  and  many  so  soft  as  to  yield 
to  the  nail.  In  the  following  table  some  of  the  metals  are  arranged  in 
the  order  of  their  hardness  ; 


Order  of  their 
kardiMU. 


Aeli«n«fheftt« 


Tungsten  Bismuth 

Palladium  Gold 

Manganese  Zinc 

Iron  Antimony 

Nickel  Cobalt 

Platinum  Tin 

Copper  Arsenic 

Silver  Lead. 

Elasticity  and  sonorousness  belong  to  the  hardest  metals  only. 

Such  are  the  essential  physical  characters  of  the  metals ;  they  also 
resemble  each  other  in  many  of  their  chemical  properties,  as  the  fol- 
lowing general  observations  show : 

613.  Action  of  Heat. — The  metals  are  all  susceptible  of  fusion  by 
heat,  but  the  temperatures  at  which  they  liquefy  are  extremely  ts- 
rious.     Mercury  is  fluid  at  all  common  temperatures,  and  requires  to 

^be  cooled  to  — 39^  before  it  congeals.  Potassium  melts  at  160^,  and 
sodium  at  200®  :  arsenic  at  SGO*" ;  tin  at  460<' ;  lead  at  BOO*" ;  zinc  at 
700®  ;  and  antimony  at  800®.  Silver,  gold,  and  copper  require  a 
bright  cherry-red  heat ;  iron,  nickel,  and  cobalt,  a  white  heat ;  man- 
ganese and  palladium,  an  intense  white  heat ;  molybdenum,  uranium, 
tungsten,  and  chrome,  are  only  very  imperfectly  agi^utinftted  at  the 
highest  temperatures  of  our  furnaces  ;  and  titanium,  cerium,  osmium, 
iridium,  rhodium,  platinum,  and  columbium,  require  the  intense  heat 
produced  by  an  inflamed  current  of  oxygen  and  hydrogen,  or  that  of 
Voltaic  electricity. 

At  higher  temperatures  than  that  required  for  their  fusion  many  of 
the  metals  are  volatile,  and  may  be  distilled  in  close  vessels.  Mer- 
cury, arsenic,  potassium,  tellurium,  and  zinc,  are  volatile  at  a  dull  red 
heat.  Gold  and  silver  are  converted  into  vapour  when  exposed  to 
the  intense  heat  of  the  focus  of  a  burning  lens  ;  and  several  of  the 
other  metals  boil  and  evaporate  under  similar  circumstances.  It  is 
probable  that  this  would  happen  to  all  of  them,  if  raised  to  sufficiently 
high  temperatures. 

614.  Action  of  Qrygen.— When  the  metals  are  exposed  at  ordinary 
Acttonofoxf- temperatures  to  the  action  of  oxygen,  or  of  common  air,  which  pro- 
^'^°'            duces  analogous,  though  less  powerful  effects,  they  are  very  differently 

effected.  If  the  gas  be  perfectly  dry,  very  few  of  them  safer  any 
change  unless  heated  in  it ;  they  then  lose  their  metallic  characteri», 
and  form  a  very  important  series  of  compounds,  the  metaflic  oxides. 
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. .  A  few  of  the  loe^dB  resist  the  action  of  heat  and  air  sa  completely> 
that  they  may  he  kept  in  fhsion  in  an  open  cmcihle  for  many  hours 
without  undergoing  change.  This  is  the  case  with  gold  and  silver,  and 
a  few  others  ;  hence  they  were  called  perfect  or  noble  metals  :  they 
may,  however,  be  oxidized  by  the  Voltaic  flame ;  or  by  passing  a 
ftrong  electric  dischaige  through  them,  when  drawn  into  very  fine 
wire. 

Other  metals  readily  absorb  oxygen  when  exposed  to  a  temperature 
approaching  a  red  heat ;  as  iron,  mercury,  nickel,  Sfc. ;  others  absorb 
it  when  in  fusion,  as  lead,  tin,  antimony,  ifc. ;  others  at  lower,  or  even 
at  common  temperatures,  as  arsenic,  manganese,  sodium,  potassium,  j*c. 

That  the  metals  have  very  different  attractive  powers  in  regard  to 
oitygenis  also  shown  by  the  circumstance  of  one  metal  being  frequent- 
ly oxidized  at  the  expense  of  another ;  thus  the  oxide  of  mercury, 
heated  with  metallic  iron,  produces  metallic  mercury  and  oxide  of 
iron  ;  potassium,  heated  with  oxide  of  manganese,  becomes  oxidized, 
and  metallic  manganese  is  obtained. 

Some  of  the  oxides  are  decomposed  by  mere  exposure  to  heat,  as 
those  of  gold,  mercury,  ^c.  -,  o&ers  require  ,the  joint  action  of  lieat, 
and  some  body  having  a  high  attraction  for  oxygen,  such  as  charcoal. 
Thus  when  oxide  of  lead  is  heated  with  charcoal,  carbonic  acid  g^s  is 
evolved,  and  metalhc  lead  obtained^ 

Each  metal  has  a  certain  definite  quantilj  of  oxygen  with  which  it 
combined  ;  and  were  the  same  metal  unites  in  more  than  one  propor- 
tion with  oxjgen,  in  the  second,  third,  and  other  compounds,  it  19  a 
multiple  of  that  in  the  £rst,  consistent  with  the  law  of  definite  propor- 
tions (46).  Thus  100  parts  of  mercury  combine  with  4  of  oxygen  to 
produce  the  protoxide,  and  with  8  to  produce  the  peroxide.  Copper 
also  forms  two  oxides  ;  in  the  one  12.6  of  oxygen  are  united  to  100  of 
metal,  and  in  the  other. 25. 

Among  the  combinations  of  metals  with  oxygen,  some  are  insoluble 
in  water,  or  nearly  so,  and  have  neither  taste  nor  smell ;  others  are  so- 
luble and  sour,  constituting  the  metallic  ctcids  :  others  are  soluble  and 
alcaline,  forming  the  fixed  alcalis  and  cUcaline  earths.  They  are  of  all 
colours,  and  frequently  the  same  metal  united  to  different  proportions 
of  oxygen  produces  compounds  differing  in  colour:  thus  we  have  the  « 
t/odb  and  red  oxide  of  mercury,  the  white  and  the  black  oxide  of  man- 
SB^ese,  ^c. 

515.  Action  of  Chlorine. — All  the  metab  appear  susceptible  of  com-  A«tionof  ckio 
hiiHog  with  chlorine,  and  of  producing  a  cla^s  of  compounds  which "°'' 
■tty  be  termed  metaUie  chlorides. 

Th^re  are  a  few  of  the  metals  which  resist  the  action  of  chlorine  at 
.cornmftn  temperatures,  but  when  heated  they  all  combine  with  it ;  some 
slowly,  i^hers  rapidly  and  with  intense  ignition.  Copper  leaf,  powder- 
ed antimonj^  arsenic,  ^c,  bum  when  thrown  into  the  gas  :  mercury 
and  iron  iiAuiiie  when  gently  heated  in  it  ;  silver^  gold,  and  platinum 
quietly  absorbs. 

The  attraction  of  chlorine  for  metals  is  greater  than  that  of  oxygen  ; 
consequently,  whe*  a  metallic  oxide  is  heated  in  chlorine,  oxygen  is 
evolved,  and  a  chWide  formed.  The  insoluble  chlorides  are  also 
formed  by  adding  soluUon  of  chlorine,  or  of  the  soluble  chlorides,  or 
•f  muriatic  acid,  to  the  suinble  metallic  salts.    Thus  chloride  of  silver, 
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which  is  insoluble,  is  thrown  down  from  the  sohibh!  nitrate  of  silver  hj 
solution  of  chlorine,  of  mariatic  acid,  and  of  common  salt. 

The  physical  and  chemkal  properties  of  the  chlorides  are  extreme- 
ly various.  They  are  nearly  of  all  colours.  Some  are  unchanged  by 
heat ;  others  undergo  decomposition.  Some  are  soluble,  others  inso- 
luble, in  water.  Several  of  them  decompose  water,  giving  rise  to  the 
formation  of  muriatic  acid,  and  an  oxide  ;  or  in  some  cases  to  a  mu- 
riate. The  same  metal  often  forms  more  than  one  compound  with 
chlorine,  and  these  compounds  are  designated  as  the  oxides.  Thus 
we  have  the  proiocfUoride  and  ptrddoride  of  mercury,  4rc. 

Many  of  the  metals  decompose  muriatic  acid  in  which  case  hydro- 
gen is  evolved,  and  a  metallic  chloride  produced  ;  and  when  ms^ailic 
oxides  are  heated  in  muriatic  acid,  they  generally  give  rise  to  the  for- 
mation of  a  chloride  and  water. 
Airtionofchio-     516.  Action  of  Odofic  Acid. — The  compounds  of  the  metallic  ex- 
r.e  aad.^      |  j^^  ^^^^  chloric  acid  are  decomposed  by  heat  with  the  copious  evolu- 
tion of  oxygen,  and  a  chloride  generally  remains  :  sorn^  of  these  sdts 
have  been  long  known,  others  only  recently  investigated.     The  <Kry- 
chlorates  have  been  scarcely  examined. 
Action  of  lo-     517.  Action  of  Iodine, — Iodine  aided  by  heat  acts  upon  many  of  the 
'^'  metals,  and  produces  metallic  iodides.     Some  of  these  are  soluble  in 

water  without  decomposition  ;  others  decompose  water  and  produce 
hydriodaies ;  others  are  insoluble.  The  insoluble  iodides  may  gene- 
rally be  formed  by  adding  a  solution  of  iodine  or  of  hydriodic  acid  lo 
the  soluble  metallic  salts. 

Iodine  often  combines  in  more  than  one  proportion  with  metals, 
forming  a  protiodide  and  a  periodide. 

518.  Action  of  Iodic  Acid. — ^The  compounds  of  this  acid  with  the 
^^f  ****  metallic  oxides  have  been  but  little  examined  :  they  are  decomposed 
by  heat,  sometimes  with  the  evolution  of  oxygen  only ;  at  others,  io- 
dine is  also  given  off. 
Actioo  of  hy-     619.  Action  of  Hydrogen. — Hydrogen  forms  permanent  compounds 
irofu.         ^i^jj  ^^Q  q£  ^|jg  metals  only,  namely,  arsenic  and  tellurium.     It  ap- 
pears to  combine  with  each  in  two  proportions,  forming  two  solid  com- 
pounds, the  hydruret$  or  hydrogurets  of  arsenic  and  tellurium  ;  and 
*      two  gaseous  compounds,  arsenuretud  and  tellureited  hydrogen.    At  hig^ 
temperatures  it  dissolves  potassium,  forming  potassiureUed  hydroe^'* 
gas. 

There  are  many  of  the  metallic  oxides,  and  a  few  of  the  chlorides, 
which  are  decomposed  by  hydrogen :  the  oxides  are  reduced  with  the 
formation  of  water,  and  the  chlorides  with  the  production  of  muriatic 
acid. 
4ctu»  of  w»-     ^^^'  Action  of  Water. — Those  metals  which  are  speedily  acted  upos 
ter.  ^y  common  air  and  oxygen,  are  also  generally  susceptible  ^  decom- 

posing water ;  some  of  them  rapidly,  others  slowly.  The^  are  some 
metals  which  are  not  acted  upon  by  air  deprived  of  mo«^ture,  nor  bj 
water  deprived  of  air;  but  moist  air,  or  water  cont^mi^  air,  effect 
their  bxidizement :  this  appears  to  be  the  case  with  iron. — Dr.  Mar- 
shall Hall,  ^darierly  Journal^  vii,  66. 

Water  combines  wiUi  some  of  the  metallic  oxMes,  and  produces  ky- 
drated  oxides^  or  metallic  hydrates.  In  thes^  the  relative  proportion 
of  water  is  definite.  Some  are  eanly  decomposed  by  heat,  as  hydrate 
of  copper ;  others  retain  water  even  when  heated  to  redness,  as  hy- 
^Irate  of  potassa. 
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021.  Actum  of  MUric  Acid.-^As  no  metal  is  soluble  in  an  acid  ex-  .  . 

cept  in  the  statte  of  oxide,  and  aA  the  greater  number  of  metals  aretftetdit  ^ 
capable  of  decomposing  nitric  acid,  and  of  resolving  it  into  some  of 
the  other  nitric  compounds,  nitric  acid  is  a  very  generally  acting  sol- 
vent of  these  bodies.  It  dissolves  all  the  metallic  oxides  and  produces 
a  numerous  class  of  niiraUt^  which  if  prepared  with  heat  and  with 
excess  of  acid,  generally  contain  the  metal  at  its  maximum  of  oxidize- 
ment.  The  nitrates  are  all  decomposed  by  a  red  heat ;  they  giveoff 
oxygen  and  nitrogen,  either  separate,  or  combined,  and  the  metallic 
oxide  remains.  They  are  also  decomposed  when  heated  with  sulphur, 
phosphorus,  or  charcoal ;  and  sulphurous,  phosphoric,  and  carbonic 
acids  are  formed  ;  the  phosphoric,  being  a  fixed  acid,  remains  united 
to  the  metallic  oxide ;  while  the  sulphurous  and  carbonic  acids  are 
usually  expelled.  The  nitrates  are  decomposed  by  sulphuric  acid, 
flitnc  acid  is  evolved,  and  sulphates  are  formed. 

In  the  neutral  nitnites  the  proportion  of  oxygen  in  the  acid  is  to  that 
in  the  base  as  5  to  1.  Thus  in  the  nitrate  of  potassa  48  parts  of  pd- 
tassa,  containing  8  of  oxygen,  are  combined  with  54  of  nitric  acid, 
containing  40  of  oxygen ;  and  in  the  pemitrate  of  copper,  80  parts 
of  peroxide  of  copper  contadning  16  of  oxygen,  are  combined  with 
108  of  nitric  acid,  containing  84  of  oxygen. 

522.  Action  of  Ammofda, — ^At  high  temperatures  some  of  the  metals 
are  capable  of  decomposing  ammonia.  Liquid  ammonia  dissolves  scr- 
▼eral  of  the  metallic  md^e&,  naS  with  some;  of  them  forms  crystalli* 
zable  compounds.  The  compounds  of  ammonia  with  the  oTtdea  of 
gold,  tUvetj  and  platinum,  detonate  when  heated,  and  the  oxide  and 
the  ammonia  are  both  decomposed. 

523.  Actum  of  Snlpkur.^^All  the  metals  appear  capable  of  forming  Action  of  ioic 
sulphiureis^    These  are  in  some  cases  fonned  b^  heating  the  metal  with^^"^' 
sulphur  ;  in  others,  by  decomposing  the  sulphate» ;  and  in  others,  by 

the  action  of  sulphuretted  hydrogen.  The  sulphurets  are  in  general 
brittle;  some  have  a  metallic  lustre ;  others  are  without  lustre.  Some 
are  soluble,  others  insoluble  in  water.  Where  the  same  metal  forms 
two  sulphurets,  the  sulphur  in  those  containing  the  largest  proportion 
is  an  exact  simple  multiple  of  the  sulphur  in  those  containing  the  small- 
est proportion.  When  the  metallic  sulphurets  are  heated  some  under- 
go no  chaD^,  as  those  of  sodium  and  potassium  ;  others  sublime  un- 
^tered  as  aulphuret  of  mercury  ;  others  lose  a  portion  of  their  sulphur, 
and,  if  air  be  admitted,  sulphurous  aeid  escapes  and  the  metal  passes 
into  the  state  of  oxide,  as  sulphuret  of  lead  ;  others  again  are  entirely 
decomposed,  the  metal  being  completely  reduced  ;  this  happens  on 
heatiag  sulphuret  of  platinum  or  of  gold.  It  is  doubtful  whether  any 
definite  compounds  of  sulphur  with  the  metallic  oxides  exist. 

5S4.  H^ostUpkurous  acid  combines  with  the  metallic  oxides  and 
produces  a  class  of  salts  termed  hyposulphiies.  Several  of  these  have 
been  exaimiied  by  Mr.  Herschel  {Edinburgh  Philosophical  Joumq^l,  i.) 
In  some  of  their  characters  they  resemble  the  sulphites :  they  are 
easily  soluble  ;  of  a  bitter  or  sweet  taste  ;  and  decomposed  by  a  heat 
below  redness,  and  by  almost  all  other  acids.  Their  solutions  readily 
dissolve  chloride  of  silver. 

626.  Sulphurous  acid  combines  with  many  of  the  metallic  oxides, 
producing  sulphites;  in  some  instances  oxygen  is  transferred  frvm  th^  ^  *   * 
«iide  to  the  acid,  and  sulphates  result. 

BB 
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The  hUpkites  are  soluble  in  water,  and  have  a  salpharoiifl  ta^te  and 
smell.  Exposed  to  moist  air,  they  absorb  oxygen,  and  pass  into  the 
state  of  snlphates.  They  are  decomposed  by  sulphuric  acid,  which 
expels  sulphurous  acid,  and  the  salts  are  converted  into  sulphates. 
When  perfectly  pure  they  are  not  affected  by  solution  of  baryta. 

626.  Hyposidpkuric  acid  forms  with  the  metallic  oxides  a  class  of  hy- 
posulphates  'which  have  been  very  imperfectly  examined.  They  do 
not  aiSbrd  precipitates  with  solution  of  baryta. 

627.  Sulphuric  acidy  in  its  concentrated  state,  is  acted  upon  by  a  few 
of  the  metals  only  ;  when  diluted,  some  of  them  are  oxidized  at  the 
expense  of  the  water,  hydrogen  is  evolved,  and  the  metaUic  oxide  com- 

^  bines  with  the  acid,  producing  a  sulphate.  In  these  cases  the  hydro- 
*"*  '  gen  evolved  is  the  indicator  of  the  quantity  of  oxygen  transferred  to 
the  metal ;  every  volume  of  hydrogen  is  the  equivsient  of  half  a  voluaie 
of  oxygen,  and  accordingly  the  production  of  100  cubic  inches  of  hy- 
drogen, indicates  the  transfer  of  60  of  oxygen,  or  by  weight  of  aboot 
17  grains.  As  different  metals  unite  to  ^fferent  weights  of  oxygen* 
they  will  obviously  evolve  different  quantities  of  hydrogen.  Thus,  if 
one  metal,  to  become  soluble  in  sulphuric  acid,  require  to  be  united 
with  16,  and  another  with  30  per  cent  of  oxygen,  the  latter  will  evolve 
twice  the  volume  of  hydrogen,  compared  with  the  former. 

As  the  evolution  of  hydrogen,  during  the  solution  of  a  metal  in  dilute 
sulphuric  acid,  is  referable  to  its  oxidizement,  no  hydrogen  will  be 
evolved  by  the  action  of  th«  acid  upon  tax  oxide,  but  it  will  be  merely 
dissolved. 

The  sulphates  are  an  important  class  of  salts.  The  greater  number 
of  them  are  soluble  in  water,  and  the  solutions  are  rendered  tuihid  by 
solutions  of  baryta.  They  are  all  decomposed  at  a  red  heathy  char- 
coal, and. most  of  them  are  thus  converted  into  sulphurets ;  carbonic 
acid,  and  carbonic  oxide,  being  at  the  same  time  evolved. 

In  the  neutral  sulphates  the  proportion  of  oxygen  in  the  acid  is  to 
that  in  the  base  as  8  to  1.  Thus  sulphate  of  soda  is  composed  of  32 
soda  containing  8  of  oxygen,  combined  with  40  of  sulphuric  acid  con- 
taining S4  of  oxygen. 
Suipbimtted  ^^^-  Action  of  Sulphuretted  Hydrogen. — ^It  seems  doubtful  whether 
hjimgta,  any  of  the  metals  combine  with  sulphuretted  hydrogen.  It  unites  with 
several  of  their  oxides,  and  forms  hydroiulphuretted  oxidet.  Many  of 
these  compounds  are  insoluble,  and  may  be  formed  by  adding  a  solution 
of  sulphuretted  hydrogen,  or  of  hydrosulphuret  of  ammonia,  to  solu- 
tions of  the  respective  metallic  salts.  Sometimes,  however,  a  decom- 
position is  effected  in  these  cases,  both  of  the  sulphuretted  hydrogen 
and  of  the  oxide,  and  a  metallic  sulphuret  is  formed,  the  hydrogen  com- 
bining with  the  oxyeen  of  the  oxide  to  form  water,  and  the  sulphur 
uniting  to  the  metsQ.  In  a  few  cases  the  metallic  oxide  is  reduced. 
The  following  table  shows  the  effect  of  sulphuretted  hvdrogen  and  of 
hydrosulphuret  of  ammonia  upon  solutions  of  several  of  the  metals,  as 
te  as  colour  of  the  precipitate  is  concerned. 
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MSTAL. 

SOLUTION. 

SIJLPHURETTED 
HYDROGEN. 

HYDROSULPHURKrl 
OF  AMMONIA.        1 

IROW }  Weutnd  pn)towlph«te       |  ^^^^ty*"**    "^*    "|  Black  and  lOmodaM 

Ditto 1  PennoriaU                       1  Abuodaot  black                1  Black 

■«»c \u^          1  ^^r^sy^*""  "'1  -"r  "'•"  -*  "^- 

TIW 1  Acid  protomariate            |  Brown                               |  Deep  orange 

CADMIUM .  .  .|  Muriate                             |  Yellow                              |  Vellow 

Ditto 1  Panitrmte                        |  BUusk                               |  Brown  and  black 

LEAD 1  Muriate  and  mtrato         |  Black                           '    |  Brown  and  black 

BISMUTH  .  .  .|  '^^I^"'  ^^"^  "*1  I>e'P  »»«»^n                     1  T)«epb«mn 

COBA1.T  .  .  .  .|  Matiate                            )  ObtiibWckuli                   \  C«p'M»a  black 

URANIUM  .  .  .]  Soiphate                          |  Brown                             j  Blackish  brown. 

TITilirfUM   .  .|  Aeiamnriato                   |  0                                      |  Black 

Ditto     .  .  .  .  .f  Nwutnl  aulphnU              j  0                                       I  Given 

CERIUM 1                                         1                                        { 

TEXXURIUM  .|                                         1                                         1 

ARSENIC    .  .  .|  White  oxide                     |                                            | 

Ditto lAneaieaeia                    |                                          | 

MERCURY    .  .|  Acid  nitrate                     |  »'^^  iy'J.cSJ^oV  irt  I  »»«*  ^J  •"•"  •f  *"* 

Ditto.  .  .  ^.  .|  Aoidpernitrate                |  Ditto                                 |  Ditto 

Ditto 1  CoRMive  wblimate    '      i  Bfewn  by  exceu  of.  teat  1  Ditto 

PALLADIUM  .|                                            1                                           1 

«LV«t  . . .  .1  wu-                    1  »r;aV^,JJ""  •'  -I  B^ 

ColoVOf  Mt- 

cipitotM  br' 

ndpbofatea 

hcyixofpBf 


529.  Action  of  Phosphorus. — ^Phosphoms  combiDes  with  the  greater 
number  of  the  metals,  fonniiig  a  series  of  metaUic  phosphurets.  There  ^^^•'*''*"' 
are  two  methods  of  fontiing  them ;  either  by  heating  a  mixture  of**^ 
phosphorus  and  the  metal,  or  projecting  phosphorus  upon  the  metal 
previously  heated  to  redness  ;  or  by  heating  a  mixture  of  the  metal 
or  its  oxide,  with  phosphoric  acid  and  charcoal.  The^e  phosphurets 
have  a  metallic  lustre  ;  if  they  contain  a  difficultly  fusible  metal,  they 
are  more  fusible  than  the  meta!  they  contain ;  if  am  easy  fusible  metal, 
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leM  $6.  They  are  mostly  crystallizable,  and  totally  or  partially  de- 
composabre  at  a  high  temperature.  The  greater  number  of  the  phos* 
phurets  have  only  been  examined  by  Pelletier, — Ami4Ue$  dt  dumie^ 
Tom  i.  et  xiii.  and  M(moire$  et  Observatiofu  dt  Chimie, 

630.  The  fneUUlic phosphates  may  be  formed  either  by  dissolving  the 
oxides  in  phosphoric  acid,  or  by  adding  a  solution  of  phosphoric  acid, 
or  of  an  alcaUne  phosphate,  to  solutions  of  those  metals  which  form  inso* 
loble  or  difficultly  soluble  phosphates.  The  greater  number  of  the 
phosphates  are  decomposed  by  ignition  with  charcoal  ;  and  those  con- 
taining volatile  oxides  are  volatilized  at  high  temperatures. 

In  the  neutral  phospates  the  quantity  of  oxygen  in  the  acid  ia  to 
that  in  the  base  as  2  to  1.  Thus  phosphate  of  soda  consists  of  32 
soda  containing  8  oxygen,  ^and  28  phosphoric  acid  containing  16  of 
oxygen. 

5.M.  When  phosphorus  is  introduced  into  the  solutions  of  those  me- 
tals which  have  but  a  feeble  attraction  for  oxygen,  it  reduces  them  to 
the  metallic  state.     Thus  gold,  silver,  and  platinum  are  thrown  down 
by  immersing  a  stick  of  phosphorus  into  their  respective  solutions. 
AetiMofeafw     632.  Action  of  Car6oti.— Carbon  unites  to  very  few  of  the  metals, 
^^  and  of  the  metallic  carburets,  one  only  is  of  importance,  namely  car- 

buret of  iron,  or  steeL 

633.  Carbonic  acid  unites  with  the  greater  number  of  the  metallic  ox- 
CtiboMUf.    ^^  ^^^  forms  Carbonates^  of  which  the  distinctive  characters  have  al- 
ready been  noticed  ;  many  of  them  are  of  difficult  solubility,  and  may 
be  formed  by  adding  an  alcaline  carbonate  to  the  metallic  solution.     Of 
the  carbonates  some  are  entirely,  and  others  only  partially  decompos- 
ed at  a  red   heat.     Carbonate  of  magnesia,  for  instance,  loses  the 
whole  of  its  carbonic  acid  at  a  red  heat ;  carbonate  of  potassa  retains 
it ;  and  bi-carbonate  of  potassa  loses  one-half  and  passes  into  the  state 
of  carbonate. 
AetaoB  of  Bo-     ^^^'  '^^  oction  of  Boron  upon  the  metals  has  not  been  investigated, 
TOO.  though  it  appears  from  the  experiments  of  Descotils,  (^Reckerches  Pkysi- 

eo'Chiffniques  de  M.  M.  Oay-Lussac  et  Thenard)  to  be  capable  of  unit- 
ing to  platinum  and  iron.  These  compounds  may  be  called  borurets. 
The  metallic  borates  are  numerous  but  mostly  unimportant..  Many  of 
them  are  insoluble  and  easily  formed  by  adding  solution  of  boracic  acid, 
or  a  soluble  borate  to  the  metallic  solution. 

636.  Action  of  the  Metals  upon  each  other, — The  metals  may  for  the 
^I'i'^J^c!!^  most  part  be  combined  with  each  other,  forming  a  very  important  class 
^'^*^'  of  compounds,  the  metallic  alloys.     Various  processes  are  adopted  in 

the  formation  of  alloys  depending  upon  the  nature  of  the  metals. 
Many  are  prepared  by  simply  fusing  the  two  metals  in  a  covered  cm* 
cible  ;  but  if  there  be  a  considerable  difference  in  the  specific  gravity 
of  the  metals,  the  heavier  will  often  subside,  and  the  lower  part  of  the 
bar  or  ingot,  will  diflcr  in  composition  from  the  upper;  this  may  be 
prevented  by  agitating  the  alloy  till  it  solidifies.  Mr.  Hatchett  found 
that  when  an  alloy  of  gold  and  copper  was  cast  into  bars,  the  moulds 
being  placed  perpendicularly,  the  upper  part  of  the  bar  contained  nwre 
copper  than  the  lower. — Phil,  Trans,  1808.    , 

Where  one  of  the  metals  is  very  volatile,  it  should  generally  be  ad- 
ded to  the  other  aAer  its  fusion  ;  and  if  both  metah  he  volatile,  they 
am  be  sometimes  united  by  distilling  them  together. 
It  has  been  a  question  whether  allojs  are  to  be  considered  • 
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poundS)  or  as  mete  nuxtares ;  but  their  properties  leare  little  doubt 
of  their  being  real  compounds,  and  in  some  cases  they  are  found  to 
unite  in  definite  proportions  only ;  and  it  is  probable  that  all  the  alloys 
contain  a  definite  compound  of  the  two  metals. 
536.  The  principal  characters  of  the  alloys  are  the  following  : 
i.  We  observe  a  change  in  the  ductility,  malleability,  hardness,  and 
colour*     Malleability  and  ductility,  are  usually  impaired,  and  oflen  iu^^^^"^ 
a  remarkable  degree :  thus  gold  and  lead,  and  gold  and  tin,  form  abritde 
alloy.     The  alloy  of  copper  and  gold  is  harder  than  either  of  its  com- 
ponent parts ;  and  a  niihute  quantity  of  arsenic  added  to  copper,  ren« 
defs  it  white. 

ii.  The  specific  gravity  of  an  aDoy  is  rarely  the  mean  of  its  compo* 
nent  parts,  in  some  cases  an  increase,  in  others  a  diminution  of  density 
having  taken  place,  as  shown  by  the  following  Table  from  Thenard.— - 
Trmte  de  Ckimie^  Vol.  i.  p.  394. 

Albyt  fiiMBMiJI  of  CMalnr  fptsific  gnviij  diaai Alloy*  baviai^  •  m«tiSe  fnvity  iBCorior  to  tb* 


^•Inr  fptsific  gnviij  diaai  Alloy*  baviai^  •  m«tiSe  friwity 
their  eoiMMHieaU'  I  mtna  of  tb«ir  coropop* 


Specific  a^ri- 
tj  of  aJJoxt 
compwcJwitb 


Gold  and  ZIm 

G<dd  and  Silver 

Tin 

1k» 

Biamnth 

Uad 

AntimonT 
GdbJt 

?rS 

Sihrer  and  Zinc 

Nickel 

l^ead 

Silver  and  Copper 

Tui 

Copper  and  Lead 

Binmdi 

InS^and  Bimnlfa 

Antimony 

AntimoDF 

Copper  uid  Zinc 

Lead 

Tin 

Tin  and  Lead 

IhiUadiqiD 

Pyiadiam 

Bimoth 

Antimonj 

AndmonY 

Nickel  and  Arsenic 

Lead  and  Bimnth 

Zinfc  and  Antimonj 

Antimonr 
FUtinnm  &  Molybcieoum 
P^bdnm  and  Bismuth 

iii.  Tbe  fusilnlity  of  an  alloy  is  generally  greater  than  that  of  its 
components.  Thns  platinum,  which  is  infusible  in  our  common  fur- 
naces, forms,  when  combined  with  arsenic,  a  very  fusible  alloy ;  and 
an  alloy  of  certain  proportions  of  lead,  tin,  and  bismuth  is  fusible  at 
212*,  a  temperature  several  degrees  below  the  melting  point  of  its 
most  fusible  constituent. 

IT.  Alloys  are  generally  more  oxidizable  than  their  constituents 
taken  singly ;  a  property  which  is,  perhaps,  partly  referable  to  the 
formation  of  an  electrical  combination.  Where  an  alloy  consists  of 
two  metals,  the  one  easily  and  the  other  difficultly  oxidizable,  it  may  be 
decomposed  by  exposing  it  to  the  action  of  heat  and  air,  the  former 
metal  being  converted  into  an  oxide ;  its  last  portions,  however,  are 
often  not  easily  separated,  being  protected  by  combination  with  the 
least  oxidable  metal.  An  alloy  of  three  parts  of  lead  and  one  of  tin 
it  infinitely  more  oxidizable  than  either  of  its  components,  and  easily 
boms  at  a  dull  red  heat. 

▼•  The  action  of  acids  on  alloys  may  generally  be  anticipated  by  a^ 
knowledge  of  their  effects  upon  the  constituent  metals ;  but  if  a  solo-^'^Jj^ 
ble  metal  be  alloyed  with  an  insoluble  one,  the  former  is  often,protect*io7i- 
ed  by^  the  hitter  from  the  action  of  an  acid.     Thus,  silver  alloyed  with 
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a  lai^e  quantity  of  gold,  resists  the  action  of  nitrit  acid  inconsequence 
of  the  insolabihty  of  the  latter  metal  in  that  acid  ;  and,  in  order  to  ren- 
der it  soluble,  it  Is  requisite  that  it  should  be  made  to  form  about  a 
fourth  part  of  the  alloy,  in  which  case  the  nitric  acid  extracts  it,  and 
leaves  the  gold  in  an  insoluble  film  or  powder. 

637.  Various  classifications  of  the  metals  have  been  adopted  by  che- 
mical authors  ;  some  dependent  upon  their  physical,  others  upon  their 
chemical  properties.  The  former  can  scarcely  be  considered  as  adapt- 
ed to  chemical  inquiry,  and  the  latter  involve  numerous  difficulties  in 
consequence  of  the  gradual  transition  of  metals  of  one  class  into  those 
of  another.  1  shall  consider  the  metals  in  the  order  in  which  they  are 
set  down  in  the  following  Table,  and  which  is  nearly  that  of  thdr  re- 
spective attractions  for  oxygen. 


1 

Potassium 

2 

Sodium 

3 

Lithium 

4 

Calcium 

5 

Barium 

6 

Strontium 

7 

Magnesium 

8 

Manganese 

9 

Iron 

Mrtals  in  the 
order  of  Uteir 

10 

Zinc 

■tti»ctioii»  for 

11 

Tin 

toyjen. 

12 
13 

Cadmium 

Copper 

14 

Lead 

15 

Antimony 

16 

Bismuth 

17 

Cobalt 

18 

UraniuB) 

19 

Titanium 

20 

Cenum 

21 

Tellurium 

22 

Selenium 

23  Arsenic 

24  Molybdenum 

25  Chromium 

26  Tungsten 

27  Columbium 


28  Nickel 

29  Mercury 

30  Osmium 

31  Iridium 

32  Rhodium 

33  Palladium 

34  Silver 

35  Gold 

36  Platinum 


37  Silicium 

38  Alumium 

39  Zirconium 

40  Glocium 

41  Yttrium 

42  Thorinum 


Of  tliese  metals  die  first  seven  produce  alcaline  oxides  which  are 
very  difficult  of  reduction  ;  and  they  rapidly  decompose  water  at  all 
temperatures,  a  character  which  announces  their  powerful  attraction 
for  oxygen  ;  the  next  five  decompose  water  when  their  temperature  is 
raised  to  redness  :  the  ten  following  do  not  decompose  water  at  a  red 
heat ;  nor  do  the  next  five,  which  produce  acids  by  uniting  to  oxygen. 
The  oxides  of  these  twenty-seven  metals  are  not  reducible  by  heat 
alone,  though  some  of  them,  when  heated,  give  out  a  portion  of  oxy- 
gen. The  nm^  metals  which  next  follow,  osmium  excepted,  have  a 
comparatively  feeble  attraction  for  oxygen  ;  and  when  their  oxides  are 
heated,  they  are  reduced  to  the  metallic  state.  The  last  six  metals  are 
placed  in  the  list  from  analogy ;  they  are  only  known  in  the  state  of 
oxides,  which  have  not  hitherto  been  reduced. 
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Section  I.     Potoisium. 

538.  Tbis  metal  was  discovered  in  1807  by  Sir  Humphry  Davy, — 
[PhUoM,  Trans.  1808).  He  obtained  it  by  submitting  caustic  potassa, 
or  potash,  to  the  action  of  Voltaic  electricity  :  the  metal  was  slowly 
evolved  at  the  negative  pole.  By  this  process,  however,  it  could  only 
be  procured  in  very  minute  quantities  ;  and  various  other  methods 
have  been  devised,  of  which  the  best  is  that  described  by  Gay-Lussac 
and  Thenard.     (^Reckerches  Physico-chymtques.)     It  is  as  follows  : 

539.  A  sound  and  perfectly  clean  gun-barrel  is  bent,  as  shown  in  the 
annexed  sketch.     It  is  then  covered  with  an  infusible  lute  between  the 


Proeeitforo^- 
taiiuag  it. 


the  lettgys  o  and  e  (fig.  1.)  and  the  interior  of  the  luted  part  is  filled 
with  cflkfalgp  turnings,  rieces  of  fused  potassa  are  then  loosely  placed 
inthe  Bi^Bt>etween  e  and  c.  a  a  is  a  copper  tube  and  small  receiv- 
er, which  are  adapted  to  the  extremity  o,  and  to  each  other  by  grind- 
ing. This  apparatus  is  next  transferred  to  the  furnace,  arranged  as 
shown  in  fig.  2,  x  and  t  representing  two  glass  tubes  dipping  into  mer- 
cury. The  furnace  is  supplied  with  air  by  a  good  double  bellows  en- 
tering at  B,  and  a  small  wire  basket  o,  b  suspended  below  the  space  e  c« 
The  {Murt  of  the  barrel  in  the  furnace  is  npw  cautiously  raised  to  a 
white  heat,  and  the  escape  of  air  by  the  tube  x  shews  that  all  is  tight. 
Some  burning  charcoal  is  then  put  at  the  end  e,  of  the  cage  o,  which 
causes  a  portion  of  potassa  to  liquefy  and  fall  into  the  low  part  of  the 
barrel  npon  Uxe  iron.  Hydrogen  gas  instantly  escapes  by  the  tube  x, 
and  attention  naust  now  be  had  to  keep  the  copper  tubes  a  a  cool,  by 
laying  wet  cloths  upon  them.  When  the  evolution  of  gas  ceases,  fresh 
charcoal  is  placed  under  the  potassa,  and  so  on  till  the  whole  has  passed 
down ;  if  too  much  potassa  be  suffered  to  fall  at  once,  the  extrication 
of  gas  at  X  will  be  very  violent,  which  should  be  avoided.  If  the  sp^ce 
between  a  and  o  should  become  stopped  by  potassium,  gas  will  issue  by 
the  tube  t  (which  most  always  be  under  a  greater  pressure  of  quick« 
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silver  than  the  tabe  x),  and  it  may  be  fiued  by  applying  hot  charcoal  to 
the  tube,  when  the  gas  will  again  appear  at  x  and  cea»e.at  t.  When 
the  operation  as  concluded,  the  tubes  x  and  t  are  removed,  and  corks 
quickly  applied  to  the  holes  ;  and  when  the  apparatus  is  cool,  the  bar- 
1^  is  carefully  removed  from  the  furnace,  and  a  little  naphtha  suffered 
to  run  through  it.  The  potassium  is  found  in  globules  in  the  tube  and 
teceiver  a  a,  and  considerable  portions  often  lodge  at  o.  The  sue- 
cesiB  of  this  operation  is  certain,  if  the  heat  has  been  sufficient ;  but 
the  barrel,  if  not  very  carefully  covered  with  lute,  is  apt  to  melt,  and 
much,  if  not  the  whole  of  the  product  is  lost. 

540.  Potassium  is  a  white  metal  of  great  lustre.     It  instantly  tar- 

Character,  nishes  by  exposure  to 'air.  It  is  ductile,  and  of  the  consistency  of  soO 
wax.  Its  specific  gravity  is  0.85.  At  150^  it  enters  into  perfect  fa- 
sion  ;  and  at  a  bright  red  heat  rises  in  vapour.  At  32^  it  is  a  hard  and 
brittle  solid.  If  heated  in  air  it  bums  with  a  brilliant  white  flame.  It 
is  an  excellent  conductor  of  electricity  and  of  heat. 
^  541.  Potassium  and  Oxygen, — When  potassium  is  thrown  into  water 

^df^^'v.  ^^  instantly  takes  fire  ;  hydrogen  gas  is  evolved,  and  oxide  of  potassium 
'  or  potassa,  is  found  dissolved  in  the  water.  The  quantity  of  hydrogen 
evolved  in  this  experiment  becomes  the  indicator  of  the  proportion  of 
oxygen  which  has  been  transferred  to  the  metal ;  100  parts  of  potas- 
sium are  thus  found  to  absorb  20  of  oxygen  ;  and  if  this  be  considered 
a  protoxide,  then  20  :  100  :  :  8  :  40, — so  that  40  will  be  the  number 
representing  potassium,  and  40  P.  +  8  O.  s=  48  will  represent  dry 
oxide  of  potassium. 

542.  Potassa,  in  the  state  it  is  usually  met  with  in  laboratories,  con- 
tains a  considerable  portion  of  water,  from  which  it  may  be  freed  by 
the  action  of  iron  at  high  temperatures,  and  there  always  remaiiis  in 
the  barrel,  after  the  above  experiment,  a  large  portion  c3r  dry  potassa. 
It  is  a  hard  grey  substance,  which,  by  water,  is  slowly  converted  into 
the  hydrated  oxide^  or  caustic  potash,  which  may  be  obtained  by  eva- 
poration. This  substance,  after  exposure  to  a  red  heat,  is^hite 
and  very  soluble  in  water ;  it  may  be  considered  as  a  compound  of  I 
proportional  of  protoxide  of  potassium  =  48+1  proportioiu^A^  ^'^^ite' 
9  and  its  number  s=  57.  ' 

p«n>iM«t  ^^^'  P^^<^^^  of  Potassium. — If  the  metal  be  heated  in  considerable 

excess  of  oxygen,  it  bums  with  intense  heat  and  light,  and  an  orange-co- 
loured substance  is  obtained,  which  consists  of  40  potassiam+24  oxy- 
gens==64.  This  peroxide  of  potassium,  when  put  into  water,  effcrvet- 
ces,  oxygen  is  given  off,  and  a  solution  of  the  hydrated  protoxide  h 
obtained.  Peroxide  of  potassium  is  also  formed  by  passing  oxygen 
over  potassa  heated  to  redness. 

ca^eLSSe     ^^^'  '^^^  ^tf^^^^^  P^^^<^^^  ^^  caustic  potoshy  IS  pTocuredin  our 

cniHr  eans  'la^^Qpatories  by  decomposing  its  carbonate  by  lime.  The  best  process 
consists  in  boiling  in  a  clean  iron  vessel,  carbonate  of  potassa,  ^obtain- 
ed by  calcining  tartar)  with  half  its  weight  of  pure  quick  lime,  in  water. 
The  ley  is  strained  through  clean  linen,  concentrated  by  evaporation, 
again  strained,  and  set  by  in  a  well-stopped  bottle  till  it  admits  of  being 
decanted  clear  from  the  sediment.  The  clear  solution  is  to  be  evapo- 
rated to  dryness.  It  is  often  cast  into  sticks  for  the  use  df  surgeons, 
who  employ  it  as  a  caustic,  and  in  this  state  it  generally  contains  some 
peroxide,  and  therefore  evolves  oxygen  when  dissolved  in  water.  It 
If  the  potassa  fusa  of  the  London  Pharmaccpma.     It  may  be  further 
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purified  by  the  aelioii  ofalcohol,  which  dissolves  the  pure  hydrate  aad 
leaves  earthy  and  other  imparities  ;  the  alcohol  is  then  driven  off  by 
heat.  In  this  case  the  alcohol  is  always  in  some  measure  acted  upon 
by  the  potassa,  and  a  portion  of  carbonaceous  matter  deposited,  so  that 
it  shonld  be  allowed  to  remain  as  short  a  time  as  possible  combined 
with  the  alcah.  Having  obtained  the  dry  caustic  alcali  by  lime,  it  may 
be  boiled  in  a  silver  basin  with  highly  rectified  alcohol  for  a  few 
minutes,  aod  then  set  by  in  a  stopped  phial ;  when  the  impurities  are 
deposited,  the  alcoholic  solution  may  be  poured  off  and  rapidly  evapo- 
rated to  dryness  in  a  silver  basin  as  before  :  the  heat  may  then  be  rais- 
ed so  as  to  fuse  the  potassa,  which,  on  cooling,  should  be  broken  up 
and  preserved  in  well-closed  phials. 

Hydrate  of  Potasna  thus  purified  is  white,  very  acrid  and  corrosive, 
and  at  a  bright  red  heat  evaporates  in  the  form  of  white  acrid  smoke. 
It  quickly  absorbs  moisture  and  carbonic  acid  from  the  air,  and  at  60^ 
one  part  of  water  dissolves  two.  It  may  be  crystallized  in  octoedrons. 
It  is  highly  alcaline,  and  being  exclusively  procured  from  vegetables 
was  fennerly  called  vegetable  alccdu  When  touched  with  moist  fingers  ciimeten 
it  has  a  soapy  feel,  in  consequence  of  its  action  upon  the  cuticle.  In 
the  fused  state  it  produces  heat  when  dissolved  in  water  ;  but  in  its 
crystallized  state  it  excites  considerable  cold,  especially  when  mixed 
with  snow.  At  a  natural  temperature  of  30^,  M.  Lowitz  found  that 
equal  weights  of  crystallized  potassa  and  snow  depressed  the  thermom- 
eter 46*. — JkinaUs  de  Chimie^  xxii. 

546.  Chlorine  and  Potassium  act  very  enei^ticaily  on  each  other, 
and  produce  the  white  compound  which  has  been  called  muriate  offniath^  cUori4i- 
but  which  is  a  true  chloride  of  potassium^  consisting  of  40  P.  +  36  Ch. 
When  potassium  is  heated  in  gaseous  muriatic  acid,  this  compound  is 
formed,  and  hydrogen  is  evolved.  It  dissolves  without  decomposition 
in  three  parts  of  water  at  60*.  It  crystallizes  in  cubes ;  its  taste  is  sa- 
line and  bitter.  In  old  pharmacy  it  was  called  salt  of  Sylvius ;  also,  re- 
^enerated  sea-salt, 

546.  QUorate  of  Potassa  is  formed  by  passing  chlorine  through  a 
solution  of  potassa.  Chloride  of  potassium  is  one  of  the  results,  the 
other  is  a  salt  in  brilliant  rhomboidal  tables  (formeriy  called  oxymu- 
riale  of  potash),  the  chlorate. 

Tlus  salt  is  prepared,  upon  the  large  scale,  by  charging  one  or  two 
Wolfe's  bottles  with  solution  of  carbonate  of  potassa,  and  passing 
chloriae  slowly  through  it :  the  gas  is  absorbed,  and  the  liquor  effer- 
vesces chiefly  from  the  escape  of  carbonic  acid ;  when  this  has  ceased, 
the  liquor  may  be  put  aside  in  a  cold  dark  place  for  about  24  hours, 
when  it  will  be  found  to  have  deposited  a  considerable  portion  of  the 
crystallized  chlorate,  which  may  be  taken  out,  drained,  and  purified 
by  solution  in  hot  water,  which,  during  cooling  again,  deposits  the  salt 
in  white  crystalline  scales.  The  liquor  is  generally  of  a  pinkish  hue, 
from  the  presence  of  manganese. 

The  taste  of  this  salt  is  cooling  and  austere.  When  triturated  it 
appears  phosphorescent.  When  exposed  to  a  dull  red  heat  it  decrepi- 
tates, fiises,  and  gives  out  oxygen,  and  chloride  of  potassium  remains. 
It  is  soluble  in  18  parts  of  cold  and  2.5  of  boiling  water.  It  acts  very 
energiBtically  upon  many  inflamms^es  and  triturated  with  sulphur, 
phosphorus,  and  charcoal,  produces  inflammation  and  explosion.  A 
auxtnre  ^f  three  parts  of  this  chlorate  with  one  of  sulphur,  detonates 

CO 


i^oSij  wkmn  struck  'apso  ao  anyil  with  a  hammer,  aad  even' »flfflQnniie» 
expiodet  spootaneously ;  hence  it  should  not  be  kept  ready  mixed. 
Chlorate  of  potassa  was  proposed  by  Berthollet  89  a  substitute  for 
mtre  in  gunpowder.  The  attempt  was  made  at  Elssone  in  1788  ;  but, 
as  ought  have  been  expected,  no  sooner  was  the  mixture  of  the 
chlorate  with  the  sulphur  and  charcoal  submitted  to  trituration,  than  U 
exploded  with  violence,  and  proved  fatal  to  several  people.     With 

Iboftphorua  the  detonation  is  dangerously  violent.  These  pha^nomena 
epend  upon  the  decomposition  of  the  chloric  acid.  The  action  oi 
sulphohc  acid  upon  chlorate  of  potassa  has  already  been  adverted  to 
(217).  If,  instead  of  distilling  the  yellow  mixture  of  the  acid  and 
chlorate  with  the  caution  there  described,  it  be  heated  to  about  150^, 
it  suddenly  explodes.  The  theory  of  the  production  of  chloric  oxide 
appears  to  be  as  follows  :  ihe  sulphuric  acid  expels  one  proportioaal 
•f  oxygen  from  the  chlorate,  and  the  potassium  absorbs  one  proportion- 
al to  produce  potassa,  which  gives  rise  to  sulphate  of  potassa ;  tl»e 
remaining  four  proportionals  of  oxygen  and  one  of  chlorine  form  tbt 
OKide  of  chlorine. 

When  sulphuric  acid  is  poured  upon  mixtures  of  this  salt  and  com- 
bustibles, instant  ignition  ensues  in  consequence  of  the  evplatioD  of 
oxide  ef  chlorine,  and  when  sulphuric  or  nitric  acids  are  poured  opoo 
similar  mixtures  under  water  by  means  of  a  long  funnel,  inflammation 
also  ensues. 

A  few  grains  of  chlorate  of  potassa  put  into  a  tea-spoonful  of  muri- 
atic acid»  and  then  diluted  with  water,  form  an  extemporaneous  bleach- 
ing liquor. 

Chlorate  of  Potassa  consists  of  one  proporUonal  of  chloric  add  and 
one  of  potassa,  or  76  C.  A.  +  48  P.  Its  ultimate  components,  there- 
fore, are  "^ 

6  proportionals  of  oxygen  -..->_  ^o 

5  in  the  acid  and  1  in  the  alcali   J  ""  ^^ 

1  proportional  of  chlorine ....     =36 

'  — — —   potassium.   .  .     =40 

1?4 

^r^M  ^'i'^V''''''^*  ^^  ^''^"^  ^y  ^  **^™«d  by  moistening  one  pari 
^r^A,?!  K  .  '^^^  "^'^^  ^"'^^  ^^  sulphuric  acid,  and  su^equenUy 
rfS^K  ?^!.^^  ™Jf  ^"  '^  ^^^^^^  white  :  in  this  state  it  consist* 
SlSS^r^  oxychlorate  of  poUssa,  which  may  be  separated  by 

iA^tIaV^?^''^^  ^''l''^''  ^'^^^  ^^^  ^b^^»g«  vegetable  colours,  nor  is  it 
wSer  at  L '^^^^^  V  f'''  ^\  ^q^i^eTrathlr  more  than  6^  part,  of 
^l^t./ii' ^  solution  U  is  insoluble  in  alcohol.  It  crystaUizes 
id  ^  It^^^^^^^  ^  l'^"  "^'*^*^  ^^^  ^  ^^^  ^^i«ht  of  sulphoric 

^v  bB  df~  vf  ^^  '^^^^'^^  ^^  oxychloric  acid  passes  over.  It 
r^en  off  3  cM  ^  ^r'"'^  ^^  "^  temperature  of  412o.  Oxygen 
^  Sus  foL^o  CO  "^^^^^  potassium  remains  in  the  retort.  Thii^t 
^^^ropo^^^^  of  oxychloric  acid  =  92  + 

fcreV*  14a         ^  ^^     *^»  *^  »^  represeoUUve  number  b  there- 
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548.  Iodide  vf  Potasnum.  Iodine  and  potafBiun  act  ftpon  each  other 
Tery  energeticaBy,  and  a  crystaHine  compound  is  obtained,  white  and 
fusible.     The  hydriodic  acid  aud  potaasa  produce  a  similar  compound. 

549.  When  iodine  is  put  into  solution  of  potassa,  the  results  are 
iodate  of  potassa  and  iodide  of  potassium :  the  latter  may  be  retnoyed 
by  alcohol. 

hdate  of  Potassa,  is  a  white  difficultly  soluble  salt,  which  at  a  red  heat 
^res  out  oxygen,  and  is  converted  into  iodide  of  potassium.— *Gav 
LussAc,  Ann.  de  Ckim,,  xci. 

550^  Potassinm  and  Hydrogen. — ^When  potassium  is  heated  in  hydro* 
gen,  it  absorbs  a  portion  of  the  gas,  and  produces  a  grey  and  higbly 
inflammabte  hydruref.  When  hydrogen  and  potassium  -are  passed  to- 
gether through  a  white  hot  tube,  the  gas  dissolves  the  metfd,  and  pro- 
duces a  spontaneously  inflammable  potassiuretted  hydrogen  gas.  Both 
^ese  compounds  are  usually  formed  during  the  operation  for  obtaining 
potassiom  by  the  gun-barrel. 

561.  Nitrate  of  Potassa — Mtre—SaUpetre.  This  salt  is  an  abundant 
natural  product,  and  is  principally  blight  to  this  country  frem^  the 
East  Indies,  where  it  is  produced  by  lixivrdtion  from  certain  soils. 

The  rough  nitre  imported  from  the  East  indies  is  in  broken  crystals 
of  a  brown  colour,  and  more  or  less  deHc[ue8cent :  exchasive  of  other 
imparities,  it  often  contains  a  very  considerable  proportion  of  common 
salt,  which  re-acting  upon  the  nitre,  induces  tixe  production  of  nitrate 
of  9odA  and  chloride  of  potassium.  - 

In  Germany  and  France  it  is  artificially  produced  in  what  ore  termed 
nitre-beds.  Thenard  (  TVatti  de  Chemie  EUmentaire,  Tom.  ii. ,  p.  5 1 1 .) 
has  described  the  French  process  at  length.  It  consists  in  lixiviating 
old  plaster  rubbish,  which  when  rich  in  nitre,  affords  about  five  per 
cent.  Refiise  animal  and  vegetable  matter  which  ha?  {nitrified  in  con- 
tact with  calcareous  soils  produces  nitrate  of  lime,  which  affords  nitre 
by  mixture  with  subcarbonate  of  potassa.  In  the  same  way  it  is  abun- 
dantly produoed  in  some  parts  of  Spain.  Exudations  containing  salt- 
petre  are  not  uncommon  upon  new  walls,  where  it  appear^  to  arise 
from  tile  decomposition  of  animal  matter  contained  in  the  mortar.  It 
was  long  a^  shown  by  Glauber,  that  a  vault  plastered  over  with  a 
mixture  of  lime,  wood-ashes,  and  cows'  dung,  soon  becomes  covered 
with  efflorescent  nitre,  and  that  after  some  months,  the  materials  yields 
«n  hxiviation,  a  considerable  proportion  of  that  sajt.- 

Nitre  cnrstallizes  in  six-sided  prisms,  usually  terminated  by  dihedral 
nmunits  ;  it  dissolves  in  7  parts  of  water  at  60*,  and  in  its  own  weight 
at  21«».  Its  taste  is  cooling  and  peculiar.  It  consists  of  one  propor- 
^onaLof  acid  «=  64  +  one  proportional  of  potassa  =  48.    Or  pf 

6  proportionals  of  oxyeen }  ^^ 

5  m  the  acid  and  1  in  the  alcali  .  .  ) 

1  proportional  of  nitrogen 14 

1  ■  potassium  .  •  •  .    40 

102 
55%.  Wheu^exposed  to  a  white  heat,  nitre  is  decomposed  into  oxy- 
gen,  nitrogen^  and  dry  potassa.    It  fuse^  at  a  heat  below  redness,  and 
congeals  on  cooling  into  cakes  called  salprunelle. 

It  the  temperature  of  nitre  be  so  fer  increased  as  to  allow  a  portion 
of  oxygen  to  escape,  the  remaining  salt,  as' Scheele  first  obseired,  re- 
madns  neutral,  and  in  this  state  it  1ms.  ^^^n  CQittidered  as  fonoiog  a  hi- 
trit§  ofpoiasta. 
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>9itre  is  rapidly  decomposed  by  charcoal  at  a  red  heat ;  and,  if  eite^ss: 
of  charcoal  be  used,  the  results  are  carbonic  oxide  and  acid,  nitrogen, 
end  subcarbonate  of  potassa,  formerly  called  nitrum  Jixum^  and  white 

The  old  chemists  used  to  perform  this  detonation  in  retorts  connect- 
ed with  capacious  receivers,  which  were  generally  blown  to  pieces ; 
sometimes  they  succeeded  in  obtaining  a  little  acidulated  water,  which 
they  called  clysfut  of  nitre,  and  attributed  to  it  wonderful  medical  yir- 
tues. 

When  phosphorus  is  thrown  upon  nitre,  and  inflamed,  a  Tivid  com- 
bustion ensues,  and  a  phosphate  of  potassa  is  formed.  Sulphur 
sprinkled  upon  hot  nitre  bums  and  produces  a  mixture  of  sulphate  and 
sulphite  of  potassa.  This  salt  used  formerly  to  be  employed  in  medi- 
cine, under  the  name  of  Glcaer^a  polychrest  $alt.  Most  of  the  metals, 
when  in  filings  or  powder,  detonate  and  bum  when  thrown  on  red-hot 
nitre  ;  some  of  the  more  inflammable  metals  produce  in  this  way  a  con* 
siderable  explosion. 

663.  A  mixture  of  three  parts  of  nitre,  two  of  dry  subcarbonate  of 
potassa,  and  one  of  sulphur,  forms  fulminating  powder.  If  a  little  of 
this  compound  be  heated  upon  a  metallic  plate,  it  blackens,  fuses,  and 
explodes  with  much  violence,  in  consequence  of  the  rapid  action  of  the 
sulphur  upon  the  nitre. 

664.  Gunpowder  consists  of  a  very  intimate  mixture  of  nitre,  sulphur, 
and  tharcoal.     The  proportions  vary.    The  following  are  those  osuail-i 


ly  employed : 


Sbooting  Sbootifig 

powder.  powder. 


Saltpetre  .  .  76.0  78  76 

Charcoal  .  .  12.6  12  15 

Sulphur.  .  .  12.5  10  9 

The  latter  contains  the  smallest  quantity  of  saltpetre,  as  it  requires 
less  mkichne$$  or  strength.  The  ingredients  d^Te  perfectly  mixed,  mois- 
tened, beaten  into  a  cake  which  is  afterwards  broken  up,  granulated, 
dried,  and  for  the  finest  powder  polished  by  attrition.  The  violence 
of  the  explosion  of  gunpowder  depends  upon  the  sudden  production  of 
gaseous  matter,  resulting  from  the  action  of  the  combustibles  upon  the 
nitre.  Carbonic  oxide,  carbonic  acid,  nitrogen,  and  sulphurous  acid, 
are  the  principal  gaseous  results ;  and  the  solid  residue  consists  of  sub- 
carbonate, sulphate,  and  sulphuret  of  potassa,  and  charcoal Cruicx- 

SUikNKS,  Nicholion^s  Journal,  iv. 

Gunpowder  may,  it  is  said,  be  inflamed  by  a  violent  blow  ;  if  mixed 
with  powdered  glass,  or  any  other  harder  substance,  and  struck  with 
a  heavy  hammer  upon  an  anvil,  it  almost  always  explodes. 

666.  P^^tOMnumuniUi  to  Sulphur  With  the  evolution  of  much  heat  and 
light,  and  forms  a  grey  compound,  which,  when  acted  upon  by  water, 
produces  sulphuretted  hydrogen.     It  consists  of  40  P.  +  16  S.  r=  66.' 

666.  Potas9a  and  Sulphur,  when  fused  together,  form  a  red  sulphu- 
ret ofpotaua.  (Ldver  of  Sulphur.)  Its  taste  is  bitter  and  acrid.  It  is 
deliquescent  and  very  soluble  in  water,  forming  a  yellow  solution  of 
hydrosulphuret  of  potassa.  ..  The  action  of  the  sulphuret  of  potassa  on 
water  is  complicated,  and  has  been  variously  explained.    By  some  this  is 
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considered  as  a  compoiind  of  potowntm and  snlphur ;  in  which  case,  when 
acted  upon  by  wafer,  hydrogen  is  imparted  to  the  sulphur,  and  oxygen 
to  the  potassium ;  and  a  sulphuret  of  potassa  with  excess  of  sulphur 
(or  sulphuretted  sulphuret  of  potassa)  is  formed.  If  we  consider  the 
sulphuret  as  consisting  ofpottusa  and  sulphur,  then,  the  oxygen  as  well 
as  the  hydrogen  of  the  water,  must  be  transferred  to  the  sulphur,  and 
flulphoric  and  sulphurous  acid,  and  sulphuretted  hydrogen,  would  be 
formed  ;  and  generally  when  the  solutions  of  the  liven  of  nUphur  are 
examined,  sulphate  and  sulphite  of  the  alcali,  are  found.  On  the  whole 
however,  it  appears  most  probable,  that  when  sulphur  and  the  alcalies 
are  fused  together  at  a  hig^  temperature,  the  latter  undergo  decompo- 
sition, and  that  sulphurets  of  their  metallic  bases  are  actiully  formed. 
Vav^uejliv,  Ann.  de  Ckim. 

557.  HypoaulphiU  of  Potassa  is  formed  by  decomposing  hydroaulphu- 
ret  of  potassa  by  sulphurous  acid  and  evaporating  to  a  pellicle>  when 
it  forms  acicular  crystals,  of  a  cooling  bitter  taste,  and  deliquescent. 

558.  Sulphite  of  Potassa  is  formed  by  passing  sulphurous  acid  into  a 
solution  of  potassa,  and  evaporating  out  c^  the  contact  of  air.  Rhom- 
boidal  plates  are  obtained,  white,  of  a  sulphurous  taste,  and  very  solu- 
ble.    By  exposure  to  air,  they  pass  into  sulphate  of  potassa. 

569.  SulpkaU  of  Potassa  is  the  result  of  seyeral  chemical  operations 
carried  on  upon  a  large  scale  in  the  processes  of  the  arts.  It  may  be 
formed  directly  by  saturating  sulphuric  acid  by  potassa.  It  is  the  sal 
de  duobw  of  the  old  chemists  :  the  potasses  sulphas  of  the  London  Phar- 
tnacopasia.  Its  taste  is  bitter.  It  crystallizes  in  short  six-sided  prisms, 
terminated  by  six-sided  pyramids.  The  body  of  the  prism  is  often 
wanting  and  the  tnangoJar-&ced  dodecaedron  results.  This  salt  dis- 
solves in  16  parts  of  cold,  and  5  of  boiling  water,  and  in  consequence 
of  its  difficult  solubility,  it  is  thrown  down  in  a  white  granular  powder, 
when  sulphuric  acid  is  added  to  a  moderately  strong  solution  of  potas- 
sa. Exposed  to  a  red  heat  it  melts,  but  is  not  decomposed.  Heated 
with  charcoal  it  produces  sulphuret  of  potassa.  It  consits  of 
1  proportional  of  acid  =  40 

1  alcali  =  48 

"88 
560.  Bi'SvUpkate  or  Supersulphate  of  Potassa  is  formed  by  adding  sul- 
phuric acid  to  a  hot  solution  of  sulphate  of  potassa,  or  by  boiling  sul- 
pbate  of  potassa  with  sulphuric  acid.  The  first  crystals  which  form 
are  in  delicate  needles  of  an  acid  taste,  soluble  in  2  parts  of  water  ^t 
60*,  and  consist  of 

S  proportionals  of  acid  .  .  =     80 
1 potassa  ==     48 
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Bi-snlphate  of  Potassa  is  also  formed  in  the  distillation  of  equal 
parts  of  nitre  and  sulphuric  acid  :  nitric  acid  passes  over,  and  a  resi- 
duaiy  bi-sulphate  of  potassa  is  produced,  commonly  known  under  the 
name  of  sal  enizum.  It  is  the  arcanum  dupUcatumy  or  panacea  Holsati- 
ca  of  old  pharmaceutists.  It  is  used  for  cleansing  coin  and  other 
works  in  metal ;  and  has  a  place  in  the  London  Pharmacopatia. 

The  following  diagram  will  illustrate  the  formation  of  this  salt,  and 
#f  liquid  nitric  acid,  in  the  distillation  of  two  proportionals  of  sulphuric 
acid  witi^  one  of  nitre : 
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PoUsh. 

Sulphate 
of 

potMb. 

Muriate 

of 
potash. 

IdsoIu- 
ble 

residue. 

CarboAic 
Acid  and 
water. 

TOTAL. 

Potash  of  Russia 

772 

65 

5 

56 

254 

1152 

"          America  .  .  .  . 

857 

154 

20 

2 

119 

1152 

American  Pearl-ash     .  .  . 

754 

80 

4 

6 

308 

1152 

Potash  of  Treves 

720 

165 

44 

24 

199 

li52 

"          Dantzic    .... 

603 

152 

14 

79 

304 

1152 

Vosges     .... 

444 

148 

510 

34 

304 

1440 

A  saturated  solution  of  carbonate  of  potassa  in  water  contains  about 
48  per  cent,  of  the  salt,  and  has  a  specific  gravity  of  1.5. 

570.  Bi'carb(mate  of  Potassa  is  formed  by  passing  a  current  of  car- 
bonic acid  into  a  solution  of  the  subcarbonate.  By  evaporation  crys- 
tals are  obtained  in  the  form  of  four-sided  prisms,  with  dihedral  sum- 
mits. Their  taste  is  only  slightly  alcaline,  and  they  require  for  solu- 
tion four  parts  of  water,  at  60^.  Exposed  to  a  red  heat,  carbonic  acid 
is  evolved,  and  carbonate  of  potassa  remains.  This  bi-carbonate  con- 
sists of 

2  proportionals  of  carbonic  acid  =  44 
1  _—^^_^  potassa,  =  48 
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In  its  crystalline  form  it  contains  water  equal  to  one  proportional, 
and,  therefore,  consists  of 

92  carbonate 
9  water 
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In  the  London  Pharmacopeia  the  more  expensive  method  of  obtaEin- 
ing  this  salt  by  the  action  of  carbonate  of  ammonia  on  carbonate  of 
potassa  is  resorted  to. 

The  following  proportions  may  be  used  for  the  preparation  of  bi- 
carbonate of  potassa  upon  the  large  scale  :  100  lbs.  of  purified  car- 
bonate of  potassa  are  dissolved  in  17  gallons  of  water,  which,  whea 
saturated  with  carbonic  acid,  yields  from  28  to  30  lbs.  of  crystallized 
bi-carbonate ;  50  lbs.  of  carbonate  of  potassa  are  then  added  to  the 
mother  liquor,  with  a  sufficient  quantity  of  water  to  make  up  17  gallons, 
and  the  operation  reputed. 

The  subcarbonate  and  carbonate  of -potassa,  are  both  decomposed  by 
lime,  which  deprives  them  of  carbonic  acid  ;  hence  the  use  of  thiA 
earth  in  the  process  for  obtaining  pure  jvoto^ta. 

571.  Potassium  heated  in  cyanogen  t^orbs  the  gas,  and  produces  a 
grey  cyanuret  of  potassiufny  which  by  the  action  of  water  becomes 
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kydrocyanatt  of  jwtasta.    This  salt  speedily  decomposes  and  becomes 
converted  into  carbonic  acid  and  ammonia. 

572.  Borate  of  Potassa  is  a  salt  which  has  been  Scarcely  examined  ; 
it  may  be  prepared  by  boiling  boracic  acid  in  solution  of  potassa,  or  by 
exposing  a  mixture  of  boracic  acid  and  nitre  to  a  bright  red  heat ;  it 
famishes  by  solution  and  eyaporation  quadrangular  prisms,  permanent 
in  the  air. 

673.  The  salts  of  potassiutn  are  soluble  in  ^ater,  and  afford  no  pre- 
cipitates with  pure  or  carbonated  aicalis.  They  produce  a  precipitate 
in  mnriate  of  pbtinum,  which  is  a  triple  compound  of  potassa,  oxide  of 
piatinmn,  and  mnriatic  acid.  They  are  not  changed  by  sulphuretted  . 
hydrogen,  nor  by  ferro-prussiate  of  potassa.  Added  to  sulphate  of 
alumina^  they  enable  it  to  crystallize^  io  as  to  form  alum. 


Section  U.    Sodttim. 

574.  Sonitm,  iKscovered  by  Sir  H.  Davy  in  1808,  is  obtained  from 
soda  by  an  operation  analogous  to  that  for  procuring  potassium  from 
potassa  (539).  It  is  soft,  malleable,  and  easily  eec^le.  Its  specific 
gravity  is  0.97.  In  colour  it  resembtes  lead.  It  fbses  at  about  190^, 
and  ia  volatile  at  a  white  heat.  It  burns  when  heated  in  contact  with 
air,  and  requires  the  same  cautions  to  preserve  it  as  potassinm. 

575.  Sodium  and  Oxygen, — ^When  sodium  is  thrown  upon  water,  it 
produces  violent  action,  but  the  metal  doos  DOt  in  general  inflame  ; 
bydro^n  is  evolved,  and  a  solution  of  soda  is  procured.  By  the 
quantity  of  by  driven  evolved,  we  learn  that  soda  (jprotoxide  of  sodium) 
conai^  of  about  75  sodium  and  25  oxygen  per  cent, ;  and,  if  it  be 
considered  as  the  protoxide,  the  number  representing  the  metal  will  be 
24,  and  soda  will  consist  of  24  S.  +  8  O.,  and  be  represented  by  32. 

576.  By  heating  so<fium  in  oxygen,  it  bums  vividly,  and  an  orange- 
coloured  peroxide  b  formed,  consisting  of  24  S.  +  12  O.,  and  which, 
by  the  action  of  water,  evolves  oxjrgen,  and  produces  a  solution  of  the 
pfotoxide. 

677.  Soda,  as  it  usually  occurs  in  the  laboratories,  is  obtained  from 
the  carbonate,  by  the  action  of  lime  and  alcohol,  as  described  under  the 
head  piitasia  (544).  It  consists  of  32  protoxide  of  sodium  +  9  water, 
and  ii  represented  by  4 1 .  When  soda  is  exposed  to  air ,  it  soon  becomes 
covered  with  an  efflorescence  of  carbonate  of  soda.  Its  colour  is  grey- 
ish whiter  and  it  requires  a  i^  heat  for  fusion. 

578.  Soda  is  distinguished  from  potassa,  by  forming  an  efftorescent 
paste  when  exposed  to  the  atmosphere ;  potassa  under  the  same  cir- 
cumstances deliquescGt.  If  excess  of  tartaric  acid  be  added  to  a  solution 
of  soda  there  is  nO  precipitation ;  but  in  solution  of  potassa  it  occasions 
a  deposit  of  a  nun^r  of  minnte  crystals.  Solution  of  soda  occasions 
no  predf^tate  when  added  to  sohition  of  muriate  of  platinum.  Solu- 
tion of  potassa  occasions  a  yellow  precipitate  in  solution  of  platinum. 
In  coBtbination  witti  adds  it  produces  a  perfectly  distinct  class  of  salt. 

579.  Chloride  of  Ssdtnin.— Sodium,  when  heated  in  chlorine,  burns 
and  produces  a  white  compound,  of  a  pure  saline  flavour,  soluble  in 

P  D 
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2^  parts  of  water  at  60^,  and  forming  cubic  crystals.     It  has  all  tbe 
properties  of  common  salt  or  muriate  o^  soda^  and  consists  of 
1  proportional  of  chlorine  s=  36 
— '    "  sodium   =  24 

60 

This  co'mpound  is  decomposed,  when  heated  with  potassium  :  so> 
dinm  and  chloride  of  potassium  are  the  results. 

When  soda  is  heated  in  chlorine,  oxygen  is  evolved ;  when  heated 
in  muriatic  acid,  water  b  formed,  and  in  U^th  cases  chloride  of  sodium 
is  the  product 

660.  Common  salt  exists  abundantly  in  nature,  both  as  a  solid  fossil 
and  dissolved  in  water.  Immense  masses  of  it  are  found  in  Cheshire, 
where  it  is  known  under  the  name  of  rock  salt. 

681.  When  heated,  chloride  of  sodium  fidls  into  pieces  with  a 
crackling  noise,  or  decrepitates.  At  a  red  heat  it  fuses  without  under- 
going any  decomposition,  and  on  cooling  concretes  into  a  hard  white 
mass.  It  is  scarcely  more  soluble  in  boiling  than  in  cold  water,  and 
nearly  insc^uble  in  alcohol.  When  pure  it  does  not  alter  by  exposure 
to  air ;  obtained  by  slow  or  spontaneous  evaporation,  it  crystallizes  in 
solid  cubes ;  but  when  procured,  as  is  usually  the  case  at  a  boiling 
heat,  by  removing  its  crystals  from  the  surface  of  its  solution  whil^ 
evaporating,  it  exhibits  the  form  of  a  hollow  quadrangular  pyramid. 
A  concise  account  of  the  different  methods  of  manufacturing  salt  wiU 
be  found  in  Aikin's  Dictionary. — Art.  Muriate  of  Soda, 

682.  Chloride  of  sodium  is  decomposed  by  moist  carbonate  of 
potassa,  and  chloride  of  potansium  and  carbonate  of  soda  are  the  re- 
sults. In*  the  common  process  for  obtaining  muriatic  acid  it  is  decom- 
posed by  sulphuric  acid.  (260V  In  this  decomppsition  there  is  a 
transfer  of  the  oxygen  contained  in  the  water  of  the  sulphuric  acid  to 
the  sodium  of  the  salt,  the  chlorine  of  which  combines  with  the  hy- 
drogen of  the  water  to  produce  muriatic  acid  gas.  The  oxide  of  so- 
dium unites  with  the  dry  sulphuric  acid  to  produce  sulphate  of  soda. 
(690). 

.  Common  salt  is  of  most  extensive  use  as  a  preservative  of  food,  and 
as  a  condiment  Glauber  first  obtained  muriatic  acid  from  it,  and  the 
existence  of  soda  in  it  was  first  shown  by  Duhamel. 

683.  Chlorate  of  Soda  was  procured  by  Mr.  Chenevix  {Phil.  Trans. 
1802),  by  the  same  process  as  chlorate  of  potassa,  but  not  possessing 
less  solubility  than  chloride  of  sodium,  the  two  substances  are  difficult- 
ly separable.  Vauquelin  obtained  it  by  saturating  chloric  acid  with 
soda.  Its  crystals  resemble  those  of  chlorate  of  potassa,  its  taste  i$ 
also  nearly  similar. 

684.  Sodium  and  Iodine  act  upon  each  other  with  the  same  phasno- 
inena  as  potassium,  and  an  iodide  of  sodium  is  obtained.  The  hydrio- 
dic  acid  and  soda  produce  a  similar  compound.  It  is  deliquescent,  and 
its  solution  yields  quadrangular  crystals. 

686.  lodaie  of  Soda  is  made  by  dissolving  iodine  in  solution  of  soda  ; 
a  white  compound  forms,  which  is  the  iodate  with  a  portion  of  hydrio- 
date  of  soda ;  the  latter  may  be  removed  by  alcohol.  Iodate  of  soda 
forms  small  prismatic  tufled  crystals,  which,  when  hei^d,  afford  oxy- 
gen and  iodide  of  sodium.— Gay-Lvssac,  AnskoUsde  Chimiie^  xci. 
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5S6.  Nitrate  of  Soda  crystallizes  in  rhombB,  solable  in  three  ]>ai1s 
of  water  at  60*^,  and  in  less  than  its  weight  at  212^.  It  has  a  cool 
sharp  flavoar,  and  is  somewhat  deliquescent  It  c<Hisists  of  32  soda  -|" 
54  nitric  acid.  It  is  often  found  in  crude  nitre,  resulting  apparently 
from  the  decomposition  of  common  salt.  It  is  the  cubic  nUre  of  old 
writers. 

587.  Sulpkuret  of  Sodium  and  of  Soda.  Sec  Pota$num.  (556). 
The  snlphnrets  exhibit  nearly  similar  properties. 

588.  HyposfdphiU  of  Soda  is  formed  as  hyposulphite  of  potassau 
(557.)  It  is  difficultly  crystallizable,  deliquescent,  of  an  intensely  bit- 
ter taste,  and  insoluble  in  alcohol.  Its  aqueous  solution  readily  dis* 
solves  moist  chloride  of  silver. 

589.  Sulphdie  of  Soda  is  crystallizable  in  transparent  four  and  six- 
sided  prisms,  soluble  in  four  parts  of  water  at  60^.  It  consists  of  32 
soda  4-  32  sulphurous  acid.  The  crystals  contain  twelve  proportion- 
als of  water  =  108. 

590.  Stdphaie  of  Soda — Glauber* t  Salt — Sal  miirabile — ^is  abundantly 
produced  in  the  manufacture  of  muriatic  acid,  by  the  action  of  sulphur 
ric  acid  upon  common  salt. 

Common  salt  consists  of  24  Sodium  -^  36  chlorine.  Sulphuric  acid 
consists  of  40  dry  acid  +  9  water.  The  water  of  the  acid,  consisting 
of  1  hydrogen  -{-  8  oxygen,  is  decomposed.  Its^  hydrogen  is  transfer- 
ed  to  the  chlorine  to  produce  gaseous  muriatic  acid  (1  H.  -|-  36  C.ss 
37  Mur.  A.),  and  its  oxygen  unites  to  the  sodium,  forming  dry  soda 
(8  Ox.  +  24  S.  =s  32  soda).  The  40  dry  acid,  unite  to  the  32  soda, 
to  produce  sulphate  of  soda,  which  will  be  represented  by  the  number  72. 

591.  Sulphate  of  soda  crystallizes  from  its  aqueous  solution  in  lai^e 
four-sided  prisms,  transparent,  and  efflorescent,  when  exposed  to  air. 
They  consist  of  72  dry  sulphate  +  90  water  exposed  to  dry  air,  the 
crystals  part  with  about  50  per  cent,  of  water. 

The  taste  of  sulphate  of  soda  is  saline  and  bitter :  it  is  soluble  in  ra- 
ther less  than  three  times  its  weight  of  water  at  60^.  When  exposed 
to  heat  it  undergoes  watery  fusion,  that  is,  it  melts  in  its  own  water  of 
crystallization ;  when  this  has  evaporated  it  fuses. 

592.  Sulphate  of  soda  is  sometimes  decomposed  for  the  purpose  of 
obtaining  soida,  by  igniting  it  with  chalk  and  charcoal,  or  with  iron  and 
charcoaL  (Of  these  processes  a  full  account  is  given  in  Aikin's  Dic- 
tionary ^  Art  Muriate  of  Soda.)     Its  principal  use  is  in  Pharmacy. 

593.  Bt-ndphate  of  Soda  is  obtained  by  adding  sulphuric  acid  to  a 
hot  solution  of  sulphate  of  soda.  It  crystallizes  in  Rhomboids  soluble 
in  twice  their  weight  of  water  at  60<>.  This  salt  consists  of  72  sulphate 
of  soda  +  40  sulphuric  acid  =^  112. — Crell's  AnnaU,  1796. 

594.  Ammonio-iulphate  of  Soda  is  a  triple  salt,  formed  by  saturating 
the  bi-eolphate  with  anmionia. — Crell's  Annah,  1796, 1. 

595.  notphiite  of  Soda  has  not  been  examined.  Hypophomhite  of 
Soda  is  very  solable  both  in  alcohol  and  water. — AnmUes  de  Chim.  et 
Phys.  ii.  142. 

B9S.  Phonhate  of  Soda  crystallizes  in  rhomboidal  prisms  soluble  in 
four  parte  of  water  at  60«,  and  effloreteing  when  exposed.    It  has  a 
pure  aahne  taste.    It  consists  of 
32  soda 
28  phosphoric  acid 

60 
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The  crjst^b  contoin  about  60  per  cent,  of  water.  This  salt  is  ^^n^- 
ly  obtained  for  pharmaceutical  purposes  by  aaturatiiig  the  impure; ptos- 
'  phone  acid,  obtained  from  calcined  bones  by  sulphunc  acid,  {pee 

Pko^orus)  with  carbonate  of  soda:  the  liquor  is  filtered,  evaporated, 
Itnd  set  aside  to  crystallize.  It  was  introduced  into  phantncy  by  Dr. 
Pearson ;  it  is  the  sal  perlatum  of  some  old  writers. 

When  heated,  phosphate  of  soda  fuses  and  bolls  up,  and  having  lost 
its  water  of  crystallization,  it  runs  into  a  dear  glass,  which  becomes 
opaque  on  cooling.  If  a  globule  be  heated  before  tiie  blow-pipe  it  as- 
sumes  the  dodecaedral  figure  as  it  cools. 

697.  Treated  with  sulphuric  acid,  phosphate  of  soda  is  only  partly 
decomposed,  a  bi-phosphate  of  Soda  being  formed,  which  is  more  solu- 
ble than,  and  not  so  easily  crystallizable  as  the  phosphate. 

698.  Ammonio'phoiphate  of  Soda  exists  in  human  urine,  whence  it 
was  procured  by  the  early  chemists  under  the  names  of  microcostMc  and 
fuiibU  tali.  When  exposed  to  heat  the  ammonia  is  expelled,  and  a  &i- 
photpate  of  soda  remains  :  it  appears  to  consist  of  two  proportionds  of 
phosphoric  acid  =  66  ;  one  of  soda  =  32,  and  one  of  ammonia—  17. 
—FouRCRov,  .^nn«/€5  de  Cfcimie,  vii.  183. 

699.  Carbonate  of  Soda  is  chiefly  obtained  by  the  combustion  of  ma- 
rine plants,  the  ashes  of  which  afford,  by  Hxi?iation,  the  impure  alcali 
called  soda.  Two  kinds  of  rough  soda  occur  in  the  market ;  harilia^ 
and  kelp ;  besides  which,  some  native  carbonate  of  soda  is  also  imported. 
Barilla  is  the  semifused  ash  of  the  salsola  soda,  which  is  laigely  culti- 
vated upon  the  Mediterranean  shore  of  Spain,  in  the  vicinity  of  Alicant. 
Kelp  coBsists  of  the  ashes  of  sea  weeds,  which  are  collected  upon 
many  of  the  rocky  coasts  of  Britain,  and  burned  in  kilns,  or  merely  in 
excavations  made  in  the  ground  and  surrounded  by  stones.  It  seldom 
contains  more  than  6  per  cent  of  carbonated  alcali,  and  about  24  tons 
of  sea  weed  are  required  to  produce  one  ton  of  kelp.  The  best  pro- 
duce is  from  the  hardest/tici,  such  as  the  serratus,  digttaiuSy  nodosus^  and 
vesiculosus.     (Mac  Cclloch's  Western  Islands,  Vol.  i.,  p.  122.)     The 

I  rough  alcali  is  contaimnated  by  common  salt,  and  other  impurities,  from 

which  it  may  be  separated  by  solution  in  a  small  portion  of  water,  fil- 
trating the  solution,  and  evaporating  it  at  a  low  heat :  the  common  sail 
may  1^  skimmed  off  as  its  crystals  form  upon  the  sur&ce. 

600.  The  primitive  crystalline  form  of  carbonate  of  soda  is  an  octoe- 
dron,  with  a  rhombic  base  ;  the  solid  angles  of  the  summit  are  alwaj^s 
wanting,  being  replaced  by  planes  parallel  to  the  base,  and  thus  pre- 
senting a  solid  with  10  surfaces.  It  is  soluble  in  twice  its  wei^t  of 
water  at  60"*.  Its  taste  is  strongly  alcaline,  and  it  greens  vegetable 
blues.    It  consists  of 

32  soda 

22  carbonic  acid. 

64 

Its  crystals  contain  sevenproportionals  of  water  =  63,  which  may  be 
expelled  by  heat.  They  effloresce  by  exposure  to  air.  This  salt  is  the 
Soda-Subcarbonas  of  the  PharmaeoptBta. 

In  the  analysis  of  barilla  and  kelp,  to  ascertain  the  relative  propor- 
tion of  soda,  it  may  be  useful  to  know  that  100  parts  of  dilate  nitric 
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acid,  specific  gravity  1.96,  will  saturate  50  pftrtsof  dry  carbonate  of 
sods,  which  axe  eqaivatoit  to  about  29  of  pure  soda. 

602.  Bi'carb<nuiie  of  Soda  is  fonned  bypassing  carbonic  «cid  through 
the  solution  of  the  subcarbonate.  By  evaporation  a  crystalline  mass  is 
obtained.     This  salt  consists  of 

32  soda 

44  carbonic  acid 

76 

The  bi-carbonate  of  soda  has  a  very  slightly  alcaline  taste,  and  it  is 
much  less  soluble  in  water  than  the  sub-carbonate. 

602.  This  salt,  as  well  as  the  bi-carbodate  of  potassa,  may  be  ob- 
tained by  treating  their  respective  carbonates  with  carbonate  of  am- 
monia ;  pure  ammonia  is  evolved  and  bi-carbonates  are  formed. — See 
London  Pharmacopceia. 

In  the  manufacture  of  this  bi-carbonate  for  the  purpose  of  com- 
merce, 160  lbs.  of  carbonate  may  be  dissolved  in  13  gallons  of  water, 
and  carbonic  acid  thrown  into  the  solution  in  a  proper  apparatus. 
The  bi-carbonate  falls  as  it  forms  to  the  amount  of  about  60  lbs.,  and 
being  separated  from  the  solution  may  be  conveniently  dried  by  pres- 
sure in  an  hydraulic  press,  and  subsequent  exposure  to  heat  aot  ex- 
ceeding 100*.  A  fresh  portion  of  carbonate  is  dissolved  in  the  mother 
liquor,  and  the  operation  repeated  as  before. 

603.  A  mixture  of  the  carbonates  of  soda  occurs  native  in  great* 
abundance  in  Africa,  in  the  province  of  Gahena,  near  Fezzan.  The 
natives  call  it  Trona.  It  has  been  analyzed  by  Mr.  R.  Phillips,  who 
considers  it  as  a  compound  intermediate  between  the  carbonate  and  bi- 
carbonate, composed  of  3  proportionals  of  acid  and  2  of  base,  or  1 
<oda+  1^  acid  ;  hence  he  terms  it  a  sesqui-carboncUe  of  Soda^ — Qtiar- 
ttrly  Journal ^y II, \  p.  298. 

A  very  productive  soda-lake  also  exists  in  South  America  in  Mara- 
cavbo,  one  of  the  provinces  of  Venezuela. — Quarterly  Joumaly  i.  p* 
188. 

604.  Subbonite  of  Soda — JBorax.-^This  salt,  which  had  been  very 
long  known,  is  imported  from  India  in  an  impure  state,  under  the  name 
of  Tincaly  which,  when  purified,  is  called  Borax.  It  crystallizes  in 
irregular  hexaedral  prisms,  slightly  efilorescent.  Its  taste  is  alcaline 
and  styptic.  It  is  soluble  in  20  parts  of  water  at  60^,  and  in  six  parts 
of  Ixnling  water.  When  heated  it  loses  water  of  crystallization,  and 
becomes  a  porous  friable  mass,  called  calcined  borax.  It  consists,  ac- 
cording to  Bergman,  of 

34  acid 
17  soda 
49  water 

100 

Sulphuric  acid  decon)poses  this  salt,  producing  sulphate  of  soda 
and  boracic  acid.  (Chap.  IV.  §  vi.)  It  has  a  place  in  Uie  Pharmaco- 
fmia^  and  is  sometimes  used  as  a  flux. 

€05.  The  salts  of  sodium  are  soluble  in  water.    They  are  not  pre*- 
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cipitated  either  by  pure  or  carbonated  akali^,  or  hydrosulphuret  ol* 
ammonia,  or  ferro-pmssiate  of  potassa ;  they  produce  no  precipitate 
in  solution  of  muriate  of  platinum,  and  do  not  convert  sulphate  of 
alumina  into  octoedral  alum. 

606.  Potassium  and  sodium  form  an  alloy,  which,  if  composed  of 
one  part  of  potassium  and  three  of  sodium,  remains  fluid  at  32^. 
Equal  parts  of  the  metals  form  a  brittle  crystaUizable  alloy. 


Section  III.    Lithium, 

607.  In  the  analysis  of  a  mineral,  called  jveto/tle,  M.  Arfwedsoa 
discovered  about  three  per  cenU  of  an  alcaline  substance,  which  was  at 
first  supposed  to  be  soda ;  but,  finding  that  it  required  for  its  neutrali- 
zation a  much  larger  quantity  of  acid  than  soda,  he  was  led  to  doubt 
its  identity  with  that  alcali,  and  the  further  prosecution  of  his  inqoi- 
ries  fully  demonstrated  that  it  possessed  peculiar  properties.  The 
mineral  called  triphane^  or  spodument^  also  affords  the  same  substance, 
to  which  the  term  lUhiay  deduced  from  its  lapideous  original,  has  been 
applied.     It  has  also  been  detected  in  a  few  other  mineraia. 

The  following  is  the  mode  of  obtaining  lithia  from  the  abore  sobstao- 
ces : — Reduce  Uie  mineral  to  a  fine  powder,  and  fuse  it  with  about  half 
it9  weight  of  potassa ;  dissolve  the  fused  mass  in  muriatic  acid,  filter, 
and  evaporate  to  dryness  ;  digest  the  dry  mass  in  alcohol ;  the  only 
substance  present,  soluble  in  that  liquid,  is  the  muriaU  of  litiday  which 
is  taken  up,  and  by  a  second  solution  and  evaporation  is  obtained  pure. 
It  may  be  decomposed  by  digesting  carbonate  of  silver  in  its  aqueous 
solution,  by  which  a  carbonate  of  lithia  is  formed,  decomposible  by 
lime,  in  the  way  of  the  other  alcaline  carbonates. 

608.  When  lithia  is  submitted  to  the  action  of  the  Voltaic  pile,  it  is 
decomposed  with  the  same  phasnomena  as  potassa  and  soda  ;  a  brilliant 
white  and  highly  combustible  metallic  substance  is  separated,  which 
may  be  called  lithium  ,  the  term  lithia  being  applied  to  its  oxide. 

The  properties  of  this  metal  have  not  hitherto  been  investigated^ 
in  consequence  of  the  difficulty  of  procuring  any  quantity  of  its  oxide. 

609.  Pure  lithia  is  very  soluble  in  water,  and  its  solution  tastes  acrid 
like  the  other  fixed  alcalis.  It  acts  powerfiilly  on  vegetable  blue?, 
converting  them  to  green.     It  is  very  sparingly  soluble  in  alcohol. 

Direct  experiments  upon  the  composition  of  lithia  are  yet  wanting. 
By  calculation  from  the  composition  of  the  sulphate,  as  analyzed  by 
Vauquelin,  it  would  appear  to  contain  about  55.2  lithium  +  44.8  oxy- 
gen.* ^ 

610.  Chloride  of  IMium^  obtained  by  evaporating  the  muriate  to 
dryness,  and  fusing  it,  is  a  white  semitransparent  substance.  It  evi- 
dently ^flfers  from  the  chlorides  of  potassium  and  sodium,  in  being  ex- 
tremely deliquescent ;  in  being  soluble  in  alcohol ;  in  being  decompos- 


oxTf«B litUa 

*44.S  :  55.2  f  44.8 s=  100::  8  (atom ox7S«o)' 17.9  (<hft  atom  lithia  which  agmes  wilb 
the  compontioa  of  die  sulphate. 


CAHBOVATE  OF  UTHIA.  191 

ed  when  fltrong^y  heated  in  the  open  air,  when  it  loses  chlorine,  ahsorbs 
oxygen,  and  becomes  fai^y  aktline  ;  in  being  very  difficultly  crysUil- 
iizable ;  and  in  tinging  Uie  flame  of  alcohol  of  a  red  colour. 

611.  Iodide  of  Litkium. — ^The  action  of  iodine,  of  hydriodic  acid, 
and  of  iodic  acid,  on  lithia  has  not  been  examined. 

612.  nitrate  of  Liikia  is  a  very  soluble  deliquescent  salt,  fusible  and 
decomposed  by  heat ;  its  taste  is  cooling ;  it  crystallizes  in  rhomboids. 

613.  Sulphuret  of  Ldthium. — The  action  of  sulphur  on  lithium  and 
lithia  appears  analogous  to  itn  action  on  potassiuni  and  potassa,  but  the 
compounds  have  not  been  precisely  examined. 

614.  Sulphate  of  IMhia  crystallizes  in  small  rectangular  prisms, 
perfectly  white,  and  possessed  of  much  lustre.  Theic  taste  is  saline, 
and  their  solubility  intermediate  between  that  of  sulphide  of  potassa 
and  sulphate  of  soda.  The  crystals  contain  no  water,  aad  fuse  at  a 
beat  below  redness.  Their  solution  occasions  no  change  in  solution  of 
platinum,  nor  in  tartaric  add.     They  consist  of 

Sulphuric  acid 69.18  or  40 

Lithia 30.82  or  17.8 

100     or  B7.8 

615.  FhosphiUe  of  Lithia  has  been  examined  by  Dr.  Gmelin :  it 
may  he  obtained  by  adding  phosphoric  acid  to  sulphate  of  lithia ;  no 
precipitate  is  at  first  formed,  but  on  adding  excess  of  ammonia,  an  in- 
soluble phosphate  of  lithia  £dls.  This  property  enables  us  to  separate 
Uthia  from  potassa  and  soda.  The  phosphate  of  lithia  may  be  decom- 
posed by  dissolving  it  in  acetic  acid  and  adding  acetate  of  lead :  acetate 
of  Uthdu  remains  in  solution. 

616.  Carbonate  of  Liikia. — ^When  a  strong  solution  of  carbonate  of 
potassa  is  added  to  sulphate  of  lithia,  a  white  precipitate  of  carbonate 
of  liOiia  is  formed.  It  requires  about  100  parts  of  water  at  60^  for 
its  solution.  It  is  fusible,  alcaline,  effervesces  with  acids,  and  absorbs 
carbonic  acid  from  the  air.  Lithia  and  its  carbonate,  when  heated  upon 
platinum,  act  upon  that  metal. 

617.  If  we  assume  from  Vauquelin's  corrected  analysis  of  the  sul- 
phate, that  lithia  contains  45  per  cent,  of  oxygen  and  55  of  lithium, 
and  that  it  is  a  protoxide,  then  45  :  55  :  :  8  :  9.77.  So  that  the  num- 
ber 9.8  might  be  assumed  as  the  representative  number  of  lithium  ; 
and  oxide  of  lithium,  or  Uthia,  would  contain — 

LitUum 9.8  +  Oxygen 8  =  17.8 

Chloride  of  Lithium     ....     9.8  +  Chlorine 36  =  45.8 

Nitrate  of  Lithia— Lithia    .  .  1 7.8  +  Nitric  acid    ....  54  =  71.8 

Sulphate  .  .  .  .' 17.8  +  Sulphuric  acid     .  .  40  =?=  57.8 

Carbonate 17.8  +  Carbonic  acid      .  .  22  =  39.8 

N.  B.  It  is  probable  that  10  is  the  number  for  lithium  instead  of 
9.8,  £>r  10  is  a  multiple  of  0. 1 25  (the  atom  hydrogen)  which  is  not  the 
case  with  9.8. 
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Section  IV.     Calcium, 

618.  When  lime  is  electrized  negatively  in  contact  with  mercaiy, 
an  amalgam  is  obtained,  which,  by  distillation,  affords  a  white  metaJ. 
It  has  been  called  coictvin,  and  when  exposed  to  air,  and  gently  heated, 
it  burns  and  produces  the  oxide  of  calcium,  or  Itmc. 

Lime  appears  to  cdnsist  of  20  parts  of  this  metallic  base  united  to  8 
parts  of  oxygen,  so  that  its  representative  number  will  be  =s  28. 

619.  The  coDibinations  of  lime  are  very  abundant  natur^  products, 
and  of  these  the  nativt  carbonate  which,  more  or  less  pure,  constitates 
the  different  itinds  of  marble,  chalk,  and  limestone,  and  which  is  also 
the  leadingAardening  principle  of  shell,  coral,  4^c.,  may  be  considered 
as  the  mo^  important 

Lime  may  be  obtained  in  a  state  of  considerable  purity  by  exposing 
powdered  white  marble  to  a  white  heat,  which  expels  the  carbonic  acid. 
To  obtain  absolutely  pure  lime,  white  marble  may  be  dissolved  in  dilute 
muriatic  acid,  a  little  ammonia  added  to  the  solution,  and  filtered :  car- 
bonate of  ammonia  is  then  added,  and  the  precipitate  dried,  washed, 
and  exposed  to  a  white  heat.  Its  colour  is  light  grey  ;  it  is  acrid  and 
caustic  and  converts  vegetable  blues  to  green ;  its  specific  gravity  is 
2.9  ;  it  is  very  difficult  of  fusion,  but  remarkably  promotes  the  fusion 
of  most  other  earthy  bodies,  and  is  therefore  used  in  several  metallur- 
gic  processes  as  a  cheap  and  powerful  flux.  When  quite  pore  it  can 
only  be  fused  in  very  minute  particles  by  the  oxygen  blow-pipe,  or  by 
the  Voltaic  flame.  It  is  an  essential  ingredient  in  mortar  and  other 
cements  used  in  building.  Exposed  to  air  it  becomes  white  by  the 
absorption  of  water  and  a  little  carbonic  acid. 

620.  When  a  small  quantity  of  water  is  poured  upon  lime,  there  is 
affreat  rise  of  temperature  resulting  from  the  solidification  of  a  portion 
of  the  water,  and  a  white  powder  is  obtained,  called  slacked  limt^  which 
is  a  hydrate^  and  which  appears  to  consist  of  one  proportional  of  water 
ss=  9  +  one  proportional  of  lime  =  28  =  37  hydrate. 

Lime  may  be  obtained  in  a  crystalline  form  by  placing  lime  water  un- 
der the  receiver  of  an  air-pump,  containing  another  vessel  of  sulphuric 
acid.  The  water  is  thus  slowly  evaporated,  and  imperfect  six-sided 
crystals  of  hydrate  of  lime  are  formed. — Gat-Lussac,  Annala  de  CMmit 
•t  Phys.,  u  334. 

At  the  temperature  of  60«,  750  parts  of  water  are  required  for  the 
solution  of  one  part  of  lime. 

621.  Lime-water  i&  limpid  and  colourless;  its  taste  is' nauseous, 
acrid,  and  alcaline,  and  it  converts  vegetable  blues  to  green.  It  is  usu- 
ally prepared  by  pouring  warm  water  upon  powdered  lime,  and  allow- 
ing the  mixture  to  cool  in  a  close  vessel :  the  clear  part  is  then  decanted 
from  the  remaining  undissolved  portion  pf  lime.  When  lime-water  Is 
exposed  to  the  air,  a  pellicle  of  carbonate  of  lime  forms  upon  its  sur- 
face, which,  if  broken,  is  succeeded  by  others,  until  the  whole  of  the 
lime  is  thus  separated  in  the  form  of  an  insoluble  carbonate.  Lime- 
water  is  used  in  medicine  as  an  antacid. 

622.  When  oxygen  is  passed  over  heated  lime,  it  is  absorbed,  and  a 
portion  of  peroxide  of  calcium  is  foimi&d.    A  hydrated  peroxide  of  cal- 
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ciam  is  thrown  down,  according  to  M,  Thenard,  whea  lime-water  is 
dropped  into  oxygenated  water. 

623.  Chloride  of  Calcium  is  produced  by  heating  lime  in  chlorine,  in 
which  case  oxygen  is  evolved  ;  or  Isy  evaporating  muriate  of  lime^  ob- 
tained by  dissolving  carbonate  of  lime  in  muriatic  acid,  to  dryness,  and 
exposing  the  dry  mass  to  a  red  heat  in  close  vessels.     It  consists  of  20 
calciom  +  36  chlorine  =  56.     This  compound  has  a  strong  attraction 
for  water ;  it  deliquesces  wlien  exposed  to  air,  and  becomes  ^hatuted 
to  l^e  called  oil  of  liine.     It  is  difficultly  crystallizable  from  its  aqueous 
solutions  ;  with  care,  however,  it  may  be  obtained  in  aixHsided  prisms, 
consisting  of  the  chloride  combined  with  water.     \i  is  most  readily 
crystallized  by  exposing  its  solution  to  the  temperature  of  32*.     Its 
taste  is  bitter  and  acrid  ;  one  part  of  water  at  60 ^^  dissolves  four  parts 
of  the  ciUoride.     Its  solubility,  however,  is  greatly  influenced  by  -tem- 
jperature,  for  at  32*  one  part  of  water  will  not  dissolve  more  than  two 
of  the  salt,  and  at  212^  it  takes  up  nearly  any  quantity.     It  is  copiously 
soluble  in  alcohol,  and  much  heat  is  evolved  during  the  solution.     When 
fused  it  acquires  a  phpsphoreacent  prape^,  as  was  first  observed  hy 
Homberg,  and  hence  t^rme^  Hcmher^'^K  jn>hn.yfconi*t    It  is  abundantly 
prodaced  in  the  manu&tcture  of  carbonate  of  ammonia',  from  the  de- 
composition of  muriate  of  ammonia  by  lime^  and  hence  has  sometimes 
been  called  fixed  ud  ammewiae.    The  production  of  cold  by  mixing 
niariate  of  linie  with  snow  faaa  already  been  adverted  to.  (81.)    Chlo- 
ricie,  of  lime  absoiiM-  ammonJacal  gas  in  considerahie  quandtijes*    (Fa- 
IMBL4  V,  Jowmal  of  Science^  \oL  v,  p.  74.)    In  its  fused  state  thjs  com- 
poiiod  is  very  us^iu)  ibr  drying  certain  .gjEiseaus  bodies,  but  where  the 
qiuintity  of  the  gas  is  to  be  ascertained,  its  powers  of  absorption  in  ctt> 
tain  caeea  nuist  not  be  overlooked. 

Felletier  has  stated,  that  if  carbonic  acid  be  passed  through  a  selotioa 
pf  miiriate  of  linie,  the  whole  becomes  a  hard  solid  mass.  If  sulphuric 
acid  hie  poured  into  a  strong  solution  of  asnriate  of  lioio,  the  whole  con* 
geah  into  a  aolkd  mass  of  sulphate  o€  lime. 

624.  A  substance  called  Oxumnriate  of  Lime  is  abundantly  employed 
as  a  bleaching  material,  and  manuiactured  by  passing  chlorine  into 
leaden  chaii^rs  containing  hydrate  of  lime  in  fine  powder,  by  which 
the  gs»  is  copiously  absorbed.  Dr.  Thoipson  has  ahown  this  to  ben 
pompound  of  chlorine  and  lime  ;  when  heated  it  gives  off  a  large  quao* 
^ty.of  cHcygen,  and  a  chloride  of  calcium  r^ults.  This  shows  the  sot 
periof  attFactioo  of  calcium  for  chlorine  compared  to  oxygen,  iha 
Mter  being  expelled  from  the  liioe- 

6t5.  CklorttU  rf  lame  is  a  very  soluble  di^nescent  salt  of  a  sbaop 
btttiendi  .ta9te*  U  is  moat  easily  produced  by  dissolving  carbonate  of 
lime  in  chloric  acid.  Exposed  to  heat,  oxygen  is  evolved,  and  a  chlo- 
ride formed. 

626.  hdaie  (f  lAme  is  difficultly  crystattizable  hi  small  quadrangular 
prisms.  Hydriodate  of  Ume  is  very  deliquescent ;  when  dried  it  be* 
comes  iodide  of  calcium^  a  white  fiisible  compound. 

627.  ^ritraU  of  Lime  is  a  deliquescent  salt,  soluble  in  4  parts  of 
water  at  60*.    It  is  found  in  old  plaster  and  mortar,  from  the  watbingi 

EE 
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of  which,  nitre  is  prdcured  by  the  addition  of  carhoniUe  of  potassa.    it 
is  composed  of 

34.94    Lime «8 

65.06    Nitric  acid 54 
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The  production  of  this  salt  in  artificial  nitre-beds  has  already  been 
adverted  to.  (551.)  It  may  be  crystallized  in  six-sided  prisms.  It  is 
soluble  in  alcohol.  When  exposed  to  a  moderate  heat  it  undergoes 
watery  fusion :  the  water  then  evaporates,  and  the  salt  fuses ;  on  cool- 
.  ing  it  concretes  into  a  semi-transparent  phosphorescent  substance,  call- 
ed from  the  discoverer  of  this  property,  Baldwin^s  phosphorus.  At  a 
red  heat  it  is  decomposed  ;  its  acid  is  dissipated,  and  pure  lime  remains. 
It  contains  in  its  crystallized  state  about  25  per  cent,  of  water,  and  may 
hence  be  considered  as  composed  of 

1  proportional  dry  nitrate  ...     82 
3       .  water 27 

109 

628.  StUphuret  of  LitM  is  formed  by  heating  lime  with  sulphur.  It 
is  soluble  in  water  with  the  same  phsenomena  as  sulphuret  of  potassa. 

629.  According  to  Mr.  Herschel,  crystallized  hydrostdphuret  of  lime 
is  formed  when  three  parts  of  slacked  lime  and  one  of  sulphur  ar^ 
boiled  in  twenty  parts  of  water,  and  the  solution  allowed  to  cool  upon 
the  sediment :  he  dried  the  crystals  by  exposure  to  the  absolvent 
power  of  a  large  sur&ce  of  sulphuric  acid,  placed  under  an  exhansted 
receiver.  Their  form  is  that  of  quadrilateral  prisms  with  dihedral 
summits.  They  are  sparingly  soluble  in  cold  water,  the  solution  hav- 
ing a  yellow  colour  and  an  acrid,  bitter,  and  sulphurous  taste.  They 
consist  of  two  proportionals  of  lime,  two  of  sulphur,  one  of  hydrogen, 
and  four  of  water. — Eldinburgh  PkilosophiciU  Joumalft  i.  p.  11,  ^c, 

630.  When  sulphurous  acid  is  ground  in  a  mortar  with  the  above 
crystals  its  smell  disappears,  and  when  filtered  it  is  found  to  be  a  solu- 
tion of  hyposulfMte  of  lime.  By  passing  sulphurous  acid  through  an 
fl({Qeoiis  solution  of  sulphuret  of  lime,  the  same  product  is  obtained : 
and  if  the  solution  be  filtered  and  evaporated,  at  a  temperature  not 
exceeding  140®,  it  furnishes  crystals  :  the  temperature  of  ebullition 
decomposes  it.  The  crystals  are  little  altered  by  air,  very  soluble  in 
water,  and  insoluble  in  alcohol.  They  consist,  according  to  Mr.  Her- 
sche),  of 

Lime 21.71 

Acid 36.71 

Water 41,68 
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631.  The  hyposulphites  of  soda,  potassa,  and  ammonia,  of  baiyta, 
and  of  strontia,  may  be  formed  by  passing  sidphurous  acid  through  the 
aqueous  solutions  of  their  sulphorets. 
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632.  Sulphite  of  lAme  is  formed  by  passing  sulpharous  acid  into  a 
fflixtnre  of  lime  and  wann  water.  It  is  a  white  powder,  soluble  by 
eicess  of  sulphnrous  acid,  and  then  separating  in  prismatic  crystals,  of 
difficult  solnbility,  efflorescent,  and  passing  into  sulphate  of  lime  by 
exposure  to  air. 

633.  Sulphate  of  Lame  occurs  native  in  selenite,  gypsnm,and  plaster* 
stone.  It  is  easily  formed  artificially,  and  then  affords  silky  crystals 
soluble  in  350  parts  of  water.  When  these,  or  the  native  crystallized 
sulphate  are  exposed  to  a  red  heat,  they  lose  water,  and  fall  into  a  white 
powder  (jplaster  of  Paris),  which,  made  into  a  paste  with  water,  soon 
solidifies.     Dry  sulphate  of  lime  consists  of 

28  lime 

40  sulph.  acid 

68 

Crystalline  sulphate  of  lime  contains  two  proportionals  of  water,  and 
is  consequently  represented  by  68  +  IB  »  86.  As  sulphate  of  lime 
is  more  soluble  in  water  than  pure  Ume,  sulphuric  acid  affords  no  pre- 
cipitate when  added  to  lime-water.  Nearly  all  spring  and  river  water 
contains  this  salt,  and  in  those  waters  which  are  called  hard  it  is  abun- 
dant* It  givies  to  them  a  slightly  nauseous  taste.  At  a  very  high  tem- 
perature sulphate  of  lime  is  fusible,  but  it  suffers  no  decomposition ; 
heated  with  charcoal  it  is  converted  into  a  suiphuret.  It  dissolves 
without  decomposition  in  dilute  nitric  and  muriatic  acids,  and  separates 
from  these  solutions  when  concentrated  in  long  silky  or  transparent 
crystals.     It  is  decomposed  by  the  alcaline  carbonates. 

634.  Naiifoe  Sulphcie  of  lAme  occurs  in  various  forms.  The  crys- 
tallized variety  is  usually  called  selenite  ;  the  fibrous  and  earthy,  g^- 
«i»m ;  and  the  granular  or  massive,  alabaster.  The  primitive  form  of 
selenite  is  a  rhomboidal  prism  of  U3<*  8'  and  66^  52^.  The  crystals 
are  commonly  transparent,  and  of  various  colours ;  it  is  softer  than 
native  carbonate  of  lime,  and  yields  very  easily  to  the  nail.  It  is  sel- 
dom found  in  veins,  but  generally  disseminated  in  ai^Uaceous  strata* 
It  occurs  in  Cumberland  at  Alston,  and  in  Oxfordshire  at  Shotover  Hill, 
where  it  is  <^^n  accompanied  by  shells  and  pyrites,  and  appears  to 
have  resulted  from  their  mutual  decomposition.  A  beautiful  fibrous 
variety  is  found  in  Derbyshire,  applicable  to  ornamental  purposes. 

Massive  and  granular  gypsum  is  found  in  this  country  accompanying 
the  salt-deposits  in  Cheshire.  It  abounds  at  Montmartre,  near  Paris, 
and  contains  organic  remains ;  sometimes  it  forms  entire  hills.  In  the 
Tyrolese,  Swiss,  and  Italian  Alps,  it  is  found  upon  the  primitive  rocks, 
onen  of  ^e  purest  white,  especially  at  Montier,  near  Montblanc,  and 
near  the  summit  of  Mount  Cenis.  It  is  turned  by  the  lathe;  and  sculp- 
tured into  a  variety  of  beautiful  forms,  more  especially  by  the  Floren- 
tine artists. 

656.  There  is  a  variety  of  sulphate  of  lime,  which  has  been  called 
anhydrous  gypsw/i^  or  ankydrite,  in  reference  to  its  containing  no  water.  ♦ 
It  is  harder  than  selenite,  and  sometimes  contains  common  salt,  and  is 
then  called  muriaeite.  It  is  rarely  crystallized,  generally  massive  and 
lamellar,  and  susceptible  of  division  into  rectangular  prisms.  It  has 
been  found  in  Derbyshire  and  Nottinghamshire  of  a  pale  blue  tint ; 


196  BI-PHOSPHATC  OF   LIME. 

sometimes  it  is  pifik  or  reddish,  and  often  white.  It  has  been  foandat 
Vulpino,  in  Italj,  and  hence  called  Fulpinite.  The  statuaries  of  Ber- 
gamo and  Milan  employ  it,  and  artists  know  it  by  the  name  of  Marhrt 
di  Bergamo,  A  compound  of  sulphate  of  lime  and  sulphate  of  soda  u 
found  in  the  salt-mines  of  New  Castile,  which  mineralogists  have  de- 
scribed under  the  name  of  Glauberite, 

636.  Photphuret  of  lAtm. — By  passing  phosphorus  over  red-hot 
lime,  a  brown  compound  is  produced,  which  rapidly  decomposes  water 
with  the  evolution  of  phosphn retted  hydrogen  gas.  Hydr^pkotphunt 
and  hypo'phoiphiie  of  Umt  are  also  formed. 

The  best  process  for  obtaining  this  phosphuret  is  the  following :  se- 
lect a  green  glass,  or  porcelain  tube,  closed  at  one  end,  and  about  18 
inches  long,  and  one  inch  diameter,  and  carefully  cover  it  with  a  clay 
lute  containing  a  very  little  borax.  Put  an  ounce  of  phosphorus  bro- 
ken into  small  pieces  into  the  lower  end,  and  fill  it  up  with  pieces  of 
clean  quicklime,  about  the  size  of  large  peas  :  place  it  in  an  inclined 
position  in  a  furnace,  so  that  the  end  containing  the  phosphorus  may 
protrude,  while  the  upper  part  of  the  tube  is  heating  to  redness ;  then 
slowly  draw  the  cool  part  into  the  fire,  by  which  the  phosphorus  will 
be  volatilized,  and  passing  into  the  red-hot  lime,  convert  a  portioD  of 
it  into  phosphuret.  Care  should  be  taken  that  no  considerable  portion 
of  phosphorus  escapes  and  bums  away  at  the  open  end  of  the  tube, 
which,  after  the  process,  should  be  corked  and  suffered  to  cool.  Its 
contents  may  then  be  shaken  upon  a  sheet  of  paper,  and  the  brown 
pieces  picked  out  and  carefully  preserved  in  a  well  stopped  pjiial ;  the 
white  pieces,  or  those  which  are  only  pale  brown,  must  be  rejected. 
This  compound,  though  called  phosphuret  of  lime,  is  probably  apho»- 
phuret  of  calcium. 

637.  Neither  the  Phosphite  nor  HypophosphiU  of  Lime  have  been 
particularly  examined. 

638.  Phoiphate  of  Lime  exsits  abundantly  in  the  bones  of  animals ; 
it  is  also  found  in  the  mineral  world.  It  muay  be  formed  artificially,  by 
floixii^  solutions  of  phosphate  of  soda  and  muriate  of  lime.  It  is  insi- 
pid and  insoluble  in  water,  but  dissolves  in  dilute  nitric  and  muriatic 
acid  without  decomposition,  and  is  precipitated  unaltered  by  caustic 
ammonia.     It  is  decomposed  by  sulphuric  acid,  and  thus  the  phospho- 

*  ric  acid  for  the  production  of  phosphorus  is  usually  proc^ired.    (See 
Phosphorus,  Chap.  IV.,  Sect  iv.)    It  consists  of 

28  lime 

28  phosphoric  acid 

56 

At  a  very  high  temperature  phosphate  of  lime  fuses  into  aa  opaque 
white  enamel. 

639.  Bi'pkosphate  of  Lime  is  formed  by  digesting  the  phosphate  in 
phosphoric  acid.  On  evaporation  a  white  deliquescent  uncrystaUiza- 
ble  mass  is  obtained,  composed  of  one  proportional  of  lime  -f-  two  of 
phosphoric  acid. 

640.  The  phosphoric  glass  described  under  the  he^d  phospfioric  acid 
(Chap.  IV.,  Sect,  iv.)  is  considered  by  Dr.  Thomson  as  a  definite  com- 
pound, which  he  bas  termed  quadriphosphatt  of  Km«,-nSy*/«a,  ii.  460. 
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641.  Aoltve  Ph^kate  of  Idme  has  by  some  be^n  regarded  us  a  sub- 
photphate^  in  which  case  it  would  be  composed  of  two  proportionals  of 
of  lime  +  one  phosphoric  acid.  This  compound  occurs  crystallized 
and  massive,  and  is  known  under  the  names  of  apatite,  a^aragus-'Stoney 
!vad  photpkorite.  The  crystallized  variety  is  found  in  Cornwall  and 
Devonshire,  of  singular  beauty.  Its  primitive  Ibrm  is  a  six-sided 
prism:  it  also  occurs  in  volcanic  products  ;  and,  what  is  curious,  the 
former  is  phosphorescent  and  the  latter  not.  The  massive  variety  is 
foiuid  in  Bohemia  and  in  Spain. 

642.  CarhomUe  ^  Lime  is  the  most  abundant  compound  of  this 
earth.  When  lime-water  is  exposed  to  air,  it  becomes  covered  with 
an  insoluble  film  of  carbonate  of  hme,  and  hence  is  an  excellent  test  of 
the  presence  of  carbonic  acid.  But  excess  of  carbonic  acid  re-dis- 
solves the  precipitate,  producing  a  super-carbonate.  Carbonate  of 
lioie  is  precipitated  by  the  carbonated  alcalis  from  solutions  of  muriate, 
aitrate»  and  aulphate  of  lime.  Exposed  to  a  red  heat  the  carbonic  acid 
escapes,  and  quicklhne  is  obtained.    It  consists  of 

2B  lime 

22  carbonic  aeid 

50 

643.  Carbonate  of  lime  occurs  in  nature  in  great  abundance  and  in 
various  fbnas.  The  primitive  form  of  cryBtBlUzed  carbonate  of  lime, 
or  calcareous  Jfnar,  is  an  obtuse  rhomboid  of  105^  6'  and  74*  55'.  Its 
specific  gravity  U  2.7.  It  occurs  in  every  kind  of  rook,  and  its  secon- 
dary forma  are  more  numerous  than  those  of  any  other  substance  $ 
M)metimes  it  forms  fine  Mtalactites,  of  which  some  of  the  caverns  of 
Derbyshire  fiimish  magnificent  specimens  ^  it  is  here  deposited  from 
lU  <iolution  in  water  acidulated  by  the  carbonic  acid,  and  substances  im- 
mersed in  this  water  become  incrusted  by  carbonate  of  lime,  when  the 
excess  of  acid  flies  ofi*,  as  seen  in  the  petrifying  wtU  of  Matlock.  A 
fibrous  variety  of  carbonate  of  lime,  called  satin  spar,  is  found  in  Cum- 
berland. 

Another  variety,  originally  found  in  Arragon  in  Spain,  has  been  term- 
ed Arragonite ;  it  occurs  in  six-sided  crystals,  of  a  reddish  colour,  and 
harder  than  the  common  carbonate.  There  is  an  acicular,  or  fibrous 
fHriety,  found  in  France  and  Germany  ;  and  the  white  radiated  sub- 
stance, improperly  called ^05/errt,  is  also  regarded  as  of  the  same  spe- 
cies.   Some  varieties  contain  about  3/7«r  cent,  of  strontia. 

AH  the  varieties  of  marble  and  lime-stone  consist  essentially  of  car- 
bonate of  lime ;  of  these,  white  granular  lime-stone,  or  primitive  mar- 
hie^  is  most  esteemed ;  there  are,  also,  many  coloured  varieties  of 
extreme  beauty,  it  is  distinguished  from  secondary  lime'Stone  by  the 
abscence  of  all  organic  remains,  by  its  granularly  foliated  structure, 
and  by  its  association  with  other  primitive  substances. 

The  most  celebrated  statuary  marble  is  that  of  Pares  and  of  Mon? 
Penfelicus,  near  Athens  :  of  these,  some  of  the  finest  specimens  of  an- 
cient sculpture  are  composed.  The  marble  of  Carrara,  or  Luni,  on 
the  eastern  coast  of  the  Gulf  of  Genoa,  is  also  much  esteemed  ;  it  is 
milk-white,  and  less  ci-ystaHine  than  the  Parian. 

Bfany  beautiful  marbles  for  ornamental  purposeSL  ate  quarried  in 
Derbyshire,  and  cspecitilly  the  black  marble,  called  also^  LuculHte, 
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Westmoreland  and  Deyonshire  also  afford  beautifol  Taneti«s,  and  la 
Anglesea,  a  marble  intermixed  with  green  serpentine  is  found,  little  in- 
ferior in  beauty  to  the  verd  antique. 

Among  the  inferior  lime-stones,  we  enumerate  manj  varieties,  such 
as  common  marble  ;  bituminous  lime-stone ^  abundant  upon  ^e  Avon, 
near  Bristol,  and  known  under  the  name  of  swine'Sione  or  stink-'itone, 
from  the  peculiar  smell  which  it  affords  when  rubbed:  Oolite  or  RoeMUme, 
of  which  the  houses  of  Bath  are  built ;  and  its  variety,  called  Portland 
stone :  Pisolite  consists  of  small  rounded  masses,  composed  of  con- 
centric layers,  with  a  grain  of  sand  always  in  the  centre :  and,  lastly, 
chaik  and  marl. 

All  these  substances  are  more  or  less  useful  for  ornamental  purposes, 
or  for  building  ;  they  afford  quicklime  when  bamed,  and  in  that  state 
are  of  great  importance  as  manures,  and  as  ingredients  in  the  cemeats 
used  forjbuilding.  There  is  a^great  variety  of  lime-stones  used  £ot  bom* 
ning  into  quicklime^  and,  generally  speaking,  any  of  the  varieties  may 
be  used  which  neither  fuse  nor  crumble  into  powder  at  the  tenqNOa- 
ture  required  to  expel  the  carbonic  acid,  which  is  a  full  red  heat. 

644.  Borate  of  Ldme  is  a  white  tasteless  powder  of  very  difficult  so- 
lubiUty  in  water. 

646.  The  salts  of  lime  have  the  following  properties  : — 

Those  which  are  soluble  are  not  altered  by  pure  ammonia,  but  they 
are  decomposed  by  potassaand  soda.  They  are  also  decomposed  by 
the  carbonates  of  potassa,  soda,  and  ammonia,  which  produce  precipi- 
tates of  carbonate  of  lime. 

Oxalate  of  ammonia  produces  in  their  solutions  a  white  insoluble 
precipitate  of  oxalate  of  lime,  which,  exposed  to  a  red  heat,  affords 
pure  lime. 

The  insoluble  salts  of  lime  are  decomposed  by  being  boiled  witii 
carbonate  of  potassa,  and  afford  carbonate  of  lime. 

646.  Fluor  Spar — Fluate  of  Ldme. — These  terms  have  beenap- 
phed  to  a  body  containing  a  peculiar  principle  which  has  not  hitherto 
been  obtained  in  an  insulated  state. 

,  It  is  a  principle  which  probably  belongs  to  the  acidifyii^  electrthoe- 
gative  supporters  of  combustion,  and  which  in  Auor  spar  is,  perhaps, 
united  to  calcium.  It  appears  to  be  united  with  hydrogen  in  ihejkumc 
or  hydrofluoric  acid.  This  supposed  base  has  been  called  fluorine  by 
Sir  H.  Davy  ;  vokdphiore  (from  ^off«c,  destructive^)  by  M.  Ampere* 

647.  Fluor  Spar  is  a  mineral  found  in  many  parts  o^  the  world,  but 
in  great  beauty  and  abundance  in  England,  and  especially  in  Derby- 
shire. Here  it  is  commonly  called  Derbyshire  spar^  or  by  the  mifiers 
of  that  county  blue  John.  U  is  usually  found  in  cubic  crystals,  which 
may  easily  be  cleaved  into  octoedra,  sometimes  considered  as  its  primi- 
live  form  (27).  Its  colours  are  extremely  various.  Its  specific  gra- 
vity 3.  It  phosphoresces  when  exposed  to  a  heat  a  little  below  red- 
ness. It  generally  occurs  in  veins  ;  in  the  Odin  mine  at  Castleton  in 
Derbyshire,  it  is  found  in  detached  masses,  from  an  inch  to  more  than 
afoot  in  thickness ;  their  structure  is  divergent,  and  the  colours,  which 
are  various,  disposed  in  concentric  bands.  It  is  the  only  variety  which 
admits  of  being  turned  in  the  lathe  into  vases  and  other  omimiental  ar- 
ticles. 

Compact  fiuor  is  a  scarce  variety :  the  finest  specimens  come  fitMn 
the  Uartz.  A  third  variety  is  chlorophane,  so  Called  from  the  beautihil 
pale  green  light  which  it  exhibits  when  heated. 
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The  Dature  of  the  coloaring  matter  of  fluor  spar  is  not  exactly  un- 
^rstood.  It  is  liable  to  fade,  and  the  blue  varieties  become  red  and 
brown  by  heat 

618.  Hydrofluoric  acid  {hydrophtoric  of  Ampere)  is  procured  by 
distilhng  a  mtxtnre  of  one  part  of  the  purest  fluor  spar  in  fine  powder, 
with  two  ofanlpharicacid ;  the  distillatory  apparatus  and  receiver  should 
be  of  lead  or  silver,  for  glass  is  instantly  acted  on ;  the  heat  req^iired  is 
not  considerable  ;  sulphate  of  lime  remains  in  the  retort,  and  a  highly 
acrid  and  corrosive  liquid  passes  over,  which  requires  the  assistance 
of  ice  for  its  condensation. 

This  acid  is  colourless,  of  a  very  pungent  smell,  and  extremely  des- 
tructive. If  applied  to  the  skin  it  instantly  kills  the  part,  producing 
extreme  pain,  and  extensive  ulceration.  At  80^  it  becomes  gaseous  ; 
it  has  never  been  frozen ;  it  produces  white  fumes  when  exposed  to 
a  moist  air,  and  occasions  a  hissing  noise  when  dropped  into  water. 

This  acid  acts  upon  potassium  and  sodium,  and  some  other  metals, 
with  great  energy ;  hydrogen  is  evolved,  and  a  peculiar  compound, 
probably  of  the  basis  of  the  acid,  and  the  metal^  restlta.  These  com- 
pounds might  be  called  fluorides.  The  principal  kydrojluates^  or 
fiuaUSy  have  been  examined  by  Gay-Lussac  and  Thenard.  (Rec/Mrehes 
PAi^nco-chinw^uet.)  They  have  not  been  analyzed,  but  if  we  adopt 
the  nomber  17  as  the  representative  of  the  acid,  considering  it  as  com- 
posed of  16  fluorine  H*  1  hydrogen,  it  is  probable  that  they  consist  of 
one  proportional  of  acid  and  one  of  base. 

619.  HydrqflwxU  tf  Ammonia  is  not  crystaUizable,  and  when  evapo« 
rated  loses  a  portion  of  alcali  and  becomes  sour  ;  when  heated  it  rises  in 
a  dense  white  vapour. 

620.  HydroflwUe  of  Potassa  is  a  very  soluble  deliquescent,  and  dif- 
ficiri^y  crystadlizable  salt,  of  a  sharp  taste.  When  heated  it  first  lose^ 
its  water  of  crystallization,  then  fuses  (becoming  fluoride  of  potaasi- 
um  ?)  Sulphuric  acid  separates  the  hydrofluoric. 

621.  Hydrofluate  of  Soda  has  less  taste,  and  is  less  soluble  than  the 
preceding.  When  heated  it  decrepitates  then  fuses.  It  is  permanent 
in  the  air,  and  separates  from  its  solution  in  hot  water,  partly  as  a  trans- 
parent pellicle  and  partly  in  crystals. 

622.  When  hydrofluoric  acid  is  poured  into  solutions  of  the  salts  of 
Hme,  a  white  insoluble  powder  is  thrown  down,  which  resembles  fluor 
spar  in  its  chemical  properties,  and  must  therefore  be  considered  as  a. 
JUionde  of  caldum. 

623.  The  hydrofluoric  is  the  only  acid  that  acts  rapidly  on  glass,  and 
cannot  therefore  be  preserved  in  vessels  of  that  material.  If  a  plate 
of  ^btfs,  covered  wiUi  wax,  having  any  device  traced  upon  it  by  a  blunt 
graver,  be  exposed  to  the  fumes  of  this  acid,  the  glass  presents  the  ap- 
pearance of  having  been  etched,  upon  removing  the  wax. — See  Silica- 
tedflmoric  Aeid^  Sect,  xxxvii. 

624.  #7ifo6orte  Acid, — This  is  probably  a  compound  of  fluorine  with 
boron,  and  if  regarded  as  consisting  of  one  proportional  of  each  of 
its  components,  its  representative  number  will  be  22,  and  it  will  con- 
tain 16  fluorine  +  6  boron.  It  is  gaseous,  and  may  be  obtained  by 
heatw^  ta  a  glass  retort  twelve  parts  of  sulphuric  acid,  with  a  mixture 
of  one  part  of  fused  boracic  acid  and  two  of  fluor  spar,  reduced  to 
a  very  fine  powder.  The  gas  must  be  received  over  mercury  ;  100 
cubical  inches  weigh  72.6  grains  ;  so  that  the  specific  gravity  of  fluo- 
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boric  acid  comfKired  with  hydrogen,  is  32.82,  and  with  atmospheric  air, 
2.400.*  It  produces  very  copious  fumes  when  suffered  to  escape  into 
a  moist  atmosphere  ;  when  acted  upon  by  water,  which  dissolven  700 
times  its  volume,  it  aiSbrds  a  solution  of  hydrofluoric  and  boracic  acids, 
whence  it  would  seem  that  the  hydrogen  is  transferred  to  the  flvoriae. 
and  the  oxygen  to  the  boron.  It  acts  with  great  eneifgr  on  vegetable 
and  animal  bodies,  depriving  them  of  Bioisture  and  hydrogen.  A  piece 
of  paper  introduced  into  fluoboric  gas  becomes  instantiy  charred. 
Potassium  heated  in  this  gas  occasions  the  depositiott  of  boron,  and  the 
production  of  fluoride  of  potassium,  which  by  the  action  of  water  be- 
comes hydrofluate  of  potassa. 

626.  The  fluoboric  add  combinea  with  different  basts,  and  pi«Nluee< 
a  class  of  salts,  which  have  been  cnk\ed  Jlfuob^raU$ :  of  these  thejlaa* 
b9raie  of  atnanoma  has  been  examined  by  Dr.  John  Davy.  (PhU.  Trmu. 
1812.)  It  appears  from  his  ^Lperimenta  that  the  iaobonc  acid  is  ca* 
pable  of  condensing  successively,  one,  two,  and  three  volumes  of  am- 
monia. The  first  is  a  white  solid,  volatile  in  clase  veaseb  by  the  ap- 
plication of  a  gentle  heat  The  two  other  compoonds  are  liqnid,  and 
when  exposed  to  the  atmosphere,  lose  amnmnia  and  pass  into  the  fint 
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626.  To  obtain  this  metal,  the  earth  baryta  is  negatively  electrized 
in  contact  with  mercury  ;  an  amalgam  is  gradually  formed,  from  which 
the  mercury  may  be  expelled  by  heat,  and  the  metal  barium  remains ; 
appearing,  according  to  Sir  H.  Davy,  of  a  dark  grey  colour,  and  being 
more  than  twice  as  heavy  as  water.  It  greedily  absorbs  oxygen,  and 
bums  with  a  deep  red  light  wh^n  gently  heated,  producing  the  oxide  of 
barium. 

627.  Oxide  of  Barium,  Baryta^  or  Barya,  is  obtained  by  exposing 
the  crvstals  of  nitrate  of  baryta  for  some  time  to  a  bright  red  heat. 
It  is  of  a  grey  colour,  and  very  difficult  of  fusion  ;  it  appears  to  con- 
sist of  70  barium  +  8  oxygen,  and  is,  consequently,  represented  by 
78.  Its  specific  gravity  is  about  4,  hence  the  name  Baryta,  as  being 
the  heaviest  of  the  substances  usually  called  earths.  It  eagerly  ab- 
sorbs water,  heat  is  evolved,  and  a  white  solid  is  formed,  containing 
about  1(^  pTer  cent,  of  water,  which  it  retains  at  a  red  heat ;  this  is  the 
hydrate  of  baryta,  and  may  be  considered  as  a  compound  of  1  propor- 
tional of  baryta  =  78  +  1  proportional  of  water  s=  9,  and  is,  conse- 
quently, represented  by  87. 

628.  Hydrate  of  Baryta  dissolves  in  boiling  water,  and,  as  the  solu- 
tion cools,  deposits  flattened  hexagonal  prisms,  which  contain  a  laiiger 
quantity  of  water,  and  are  easily  ftisible.  According  to  Mr.  Dalton, 
crystallized  baryta  consists  of  1  proportional  of  baryta  and  20  of  wa- 


*  ThomsGO  in  his  late  experiment  (aon.  Phi.  vol.  16, 1890)  oukes  the  necific  gmvitr  ccw- 
pu«dwilh  Ataoqilieik  air  »  3.3694,  dut  woold  maha  the  specific  gnTitjr  aboat  94  times 
*atflfMbi««.^  -r-      ©       ^ 
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ter ;  if  it  be  exposed  to  air  it  effloresces  into  a  white  powder,  containing 
I  proportional  of  baryta  and  5  of  water ;  it  appears  therefore  th&t 
there  are  three  hydrates  of  baryta.  {J^ew  Ckem.  Phil.,  iu  622.)  The 
aqveous  solution,  or  baryta  wcUer,  is  limpid,  colourless,  and  acts  ener- 
getically on  ratable  bines  and  yellows,  changing  them  to  green  and 
red ;  it  rapidly  absorbs  carbonic  acid,  and  deposits  an  insoluble  carbo- 
nate of  baryta.  As  baryta,  like  the  alcalis,  converts  vegetable  blues  to 
green,  and  serves  as  an  intermede  between  oil*  and  water,  it  has  been 
called  an  tdcaJLine  earth.  It  has  a  very  acrid  caustic  taste,  and  is  high- 
ly poisonotis.  It  exists  in  two  natursJ  combinations  only,  namely,  as 
sulphate  and  carbonate. 

629.  When  baryta  is  beated  in  oxygen,  or  when  oxygen  is  passed 
over  baryta  heated  to  redness  in  a  ^ass  tube,  the  gas  is  absorbed  and  a 
gr^  compound  is  obtained,  which  is  the  peroxide  of  barium  ;  consist- 
ia^of 

1  proportional  of  barium    =  70 

2  oxygen    =»  16 

86 

690.  By  diasohring  peroxide  of  bariutn  in  muriatic  acid,  and  preci> 
pitating  }]j  solplmric  acid,  M.  Thenard  succeeded  in  obtaining  a  new 
and  singular  compound  of  oxygen  and  water  to  which  the  term  perox- 
ide of  hydrogen  may  be  apptied.  The  solution  of  the  peroxide  of 
bafiam,  and  the  subsequent  separation  of  the  protoxide  is  repeated 
a  sitffeient  number  of  times,  in  the  same  portion  of  dilute  muriatic 
add ;  sulphate  of  silveris  then  added  to  separate  the  muriatic  acid,  and 
the  sulphuric,  which  then  becomes  its  substitute,  is  ultimately  removed 
by  baiyta.  M.  Thenard,  in  his  elaborate  eefsay  upon  this  new  com- 
pound, has  shown  that  the  process,  although  in  tiieory  sufficiently  sim* 
pie,  presents  many  practical  difficulties,  c&eAy  arising  from  the  impu- 
rities contained  in  the  peroxide  of  barium.  To  obtain  this  substance 
pore,  apon  whieh  the  snccess  of  the  subsequent  operations  depends, 
he  gives  the  foOowing  directions.  Prepare  a  very  pure  nitrate  of 
baryta,  and  decompose  it  by  a  strong  heat  in  a  porcelain  vessel,  by 
which  baryta,  containing  a  portion  of  silica  and  alumina,  but  free  from 
manganese,  will  be  obtained ;  the  latter  impurity  must  always  be  most 
caiitioinly  avoided,  for  oxide  at'  manganese  possesses  the  property  of 
eoeigetically  decomposior^^e  oxygenated  water. 

The  baryta,  brokepi^to  smaU  pieces,  is  then  introduced  into  a  luted 
glais  tube  (the  ^as'  should  not  contain  lead)  large  enough  to  contain 
about  two  pouttdi^  of  it,  and  being  heated  to  dull  redness,  a  current  of 
dry  and  perf«^tly  pure  oxygen  gas  is  passed  through  it  which  it  rapid* 
hr  absortw ;  this  operation  is  to  be  contmued  till  the  oxygen  escapes 
from  a  joull  tube  inserted  into  the  opposite  extremity  of  the  lai^er 
one. 

The  pefoxide  thus  obtained  is  pale  grey,  and  frequently  some  pieces 
are  spedded  with  green,  which  announces  the  presence  of  manganese, 
and  which  should  be  rejected :  its  distinctive  character  is,  that  it  crum- 
bles Kliea  a  few  drops  of  water  are  added  to  it,  without  producing 
heaL 

The  process  then  proeeeds  as  fellows.  .Take  a  ceriain  quantity  of 
water  (dbout  eight  ouooes  for  instance),  and  add  to  it  a  sufficiency  pf 

FP 
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pure  and  faming  muriatic  acid  to  (fioolye  about  230  grains  of  baryta  : 
put  tbis  acid  liquor  intoa  ^^(ass  vessel,  which  during  the  operation  mast 
be  surrounded  by  ice  :  then  take  about  186  grains  of  the  peroxide, 
rub  it  into  a  fine  paste  witl^  a  little  water  in  an  ag«te  mortar,  and  put 
it  into  the  acid  liquor  with  a^box-wood  spatula ;  it'  soon  dissolves  with- 
out effervescence  :  to  this  solution  add  pure  sulphuric  acid  drop  by 
drop,  stirring  it  with  a  glass  rod,  till  it  is  in  slight  excess,  which  is  known 
by  the  readiness  with  which  the  sulphate  &Us  :  then  dissolve  a  second 
.  portion  of  the  deutoxide  and  precipitate  as  before,  taking  care  to  oae 
enough  but  not  too  much  sulphuric  acid.  The  liquor  is  now  to  be  fil- 
tered, and  the  residue  washed  with  a  little  water,  so  as  to  keep  up  the 
original  measure  by  adding  it  to  the  first  portion :  a  second  and  third 
washing  of  the  residue  wi£h  very  small  quantities  of  water  may  be  ad- 
visable, and  these  liquors  should  be  kept  apart  for  the  purpose  of 
washing  the  filters  in  subsequent  operations. 

A  fresh  portion  of  the  peroxide  is  then  dissolved  in  the  filtrated  li- 
quor  and  decomposed  as  before,  filtering  at  every  two  operations  and 
washing  the  filter  vrith  the  savings  of  the  others.  We  thus  proceed  till 
the  water  is  sufficiently  oxygenated :  when  about  two  pounds  of  the 
peroxide  have  been  consumed  the  water  will  be  united  to  about  thirty 
times  its  volume  of  oxygen,  which  is  as  much  as  it  will  retain,  unless 
some  muriatic  acid  be  added,  in  which  case  M.  Theoard  has  made  it 
retain  125  volumes. 

•When  the  water  is  sufficiently  oxygenated,  it  is  retained  in  the  ice» 
and  supersaturated  with  the  peroxide  of  barium,  which  occasions  the 
separation  of  flocculi  of  silica  and  alumina,  coloured  with  a  little  oxide 
of  iron  and  of  manganese ;  ^e  whole  is  then  filtered  as  quickly  aspos- 
sible,  and  returned  into  the  vessel  surrounded  by  ice,  the  baryta  is  te^ 
parated  by  sulphuric  acid,  and  pure  sulphate  of  silver  is  added  to  se* 
parate  the  muriatk  acid,  upon  which  the  liquid,  before  milky,  becomes 
suddenly  clear.  The  sulphuric  acid  is  ultimately  separated  by  baryta, 
the  liquor  filtered  and  placed  in  a  shaUow  vessel,  under  the  air-pump 
receiver,  containing  a  basin  of  sulphuric  acid ;  the  receiver  being^  ex- 
hausted, the  water  evaporates  «nd  is  absorbed  by  the  acid,  while  the 
peroxide  of  hydrogen  being  less  vaporisable  remains ;  if  it  ^ve  out 
any  oxygen,  which  sometimes  happens  from  its  containing  impurities,  a 
drop  or  two  of  weak  sulphuric  acid  prevents  its  further  evolution. 

The  peroxide  of  hydrogen  thus  concentrated  has  the  following  pro- 
perties :  its  specific  gravity  is  1.45 ;  it  is  tolourless  and  inodorous  ;  it 
blisters  the  cuticle  of  the  tongue,  and  has  a  pe«ahar  metallic  taste.  It 
does  not  congeal  when  exposed  to  cold,  unless  ^uted.  It  is  rapidly 
decomposed  at  a  heat  below  212^,  and  very  slowly  at  ordinary  tempe- 
ratures ;  it  may  be  long  kept  at  32<».  It  is  decomposed  by  the  pile  with 
the  same  phaenomena  as  water.  It  is  decomposed  by  all  m%tal8  except 
iron,  tin,  antimony,  aqd  tellurium :  the  metals  should  be  finely  divided^ 
or  in  powder  :  silver  and  oxide  of  silver  decompose  it  very  suddealy 
with  the  evolution  of  heat  and  light :  platinum  and  gold  produce  tiie 
same  phenomena;  lead  and  mercury  slowly  separate  the  oiygen. 
Orpiment  and  powdered  sulphuret  of  molybdenum  act  upon  it  with 
the  same  violence  as  silver ;  the  peroxides  of  manganese  and  of  lead, 
also,  occasion  its  instant  decomposition. 

631.  Chloride  of  Barium  may  be  obtained  by  heating  baryta  in  chlo* 
vine,  in  ^ch  case  oxygen  is  evolved  :  or  more  easily,  by  dissolving 
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carbonate  of  bafyta  m  doAxAed  nramtic'  acid.  Bj  eTsporatioo,  tabular 
crystals  are  obtained,  soluble  in  5  parts  of  water  at  60*  ;  and  consist- 
iog,  when  dry,  of  70  barium  -|-  36  chlorine  =106.  Its  taste  is  pun- 
gent and  acrid ;  when  exposed  to  heat,  the  water  of  crystallization  se- 
parates, and  the  dry  chloride  enters  into  fusion.  It  is  insoluble  in  ai- 
cohol. 

632.  Chlorate  rf  Baryta  is  formed  in  the  same  way  as  chlorate  of  po- 
tassa  (546).  It  crystallizes  in  quadrangular  prisma,  soluble  in  four 
parts  of  water,  at  60*.     It  consists  of    . 

I  proportional  of  baryta    :^  78 
1* chloric  acid    ■=  76 

164 

Or  of  1  proportional  of  barium  =»  70 
6  ■     oxygen  ««  48 

1     ■    ■  chlorine«=  36 

154 

Gay-Luaaac  procured  chloric  acid  (221)  by  the  action  of  sulphuriq 
acid  upon  this  salt. 

633.  Iodide  of  Barium  is  easily  formed  by  acting  upon  baryta  by  hy- 
driodic  acid,  and  evaporating  the  solution,  ft  mstj  also  be  ibrmed  by 
heating  baryta  in  hydriodic  gas  ;  water  and  iodide  of  barium  are  the  re- 
salts. 

634.  lodaU  of  Baryta  is  a  very  difficultly  soluble  compound ;  the  hy- 
driodaU  is  crystallizable  and  very  soluble. 

636.  Nitrate  of  Baryta  may  be  produced  by  dissolving  the  native 
carbonate  in  nitric  acid,  evaporating  to  dryness,  re-dissoWing,  and  crys- 
tallizing; it  forms  permanent  octoedral  crvstals.  Its  taste  is  acrid 
and  astriiigent.  It  is  soluble  in.  12  parts  of  cold  and  4  of  boiling  wa- 
ter ;  it  is  decomposed  by  a  bright  red  heat,  furnishing  pure  baryta. 
It  consists  of 

78  baryta 
54  nitric  acid 

132 

The  crystals  contain  two  proportionals  of  water,  or  132  dry  nitrate 
+  18  water. 

If  a  moderately  strong  solution  of  the  nitrate  of  baryta  be  added  to 
nitric  add,  a  precipitation  of  nitrate  of  baryta  takes  place,  in  conse- 
quence of  the  abstraction  of  water  by  the  aeid  ;  hence  in  using  nitrate 
of  baryta  as  a  test  of  die  presence  of  sulphuric  acid  in  nitric  acid, 
(277)  the  latter  should  be  considerably  diluted  previous  to  its  applica- 
tiao« 

636*  Mphuret  of  Barium  b  a  brown  compound,  which  acts  upon 
water  as  already  described,  producing  hydrondphuret  of  baryta, 

637.  Himoiulj^Ute  rf  Baryta. — This  salt  is  Uirown  down  on  pouring 
muriate  ot  baryta  into  a  solution,  not  too  dilute,  of  hyposulphite  of 
lime ;  it  is  a  white  powder  soluble  without  decomposition  in  muriatic 
add  }  at  a  low  heat  it  tidLes  fire  and  the  sulphur  bums  off.    When  the 
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flolntioAS  from  which  it  is  precipitated  are  dilute,  it  fidk,  after  Aome 
nunntes,  in  small  crystalline  grains,  followed  by  a  copious  separation 
of  the  salt.— Herschel,  Edinburgh  PkUoiophical  Journal^  i.  20. 

638.  Sulphite  of  Barfia  is  insoluble  in  water,  and  formed  by  adding 
solphite  of  potassa  to  muriate  of  baryta. 

6S9.  When  sulphurous  acid  gas  is  passed  into  water  holding  perox- 
ide of  manganese  in  suspension  a  neutral  solution  is  obtained,  composed 
of  sulphate  and  hyposulphate  of  manganese.  These  salts  are  decom* 
posed  by  excess  of  baryta,  and  a  soluble  hyponUphate  of  baryta  is 
formed,  through  which  carbonic  acid  is  passed,  in  order  to  saturate  any 
excess  of  baryta ;  and  the  whole  being  heated  to  drive  off  carbonic 
acid  which  holds  a  little  of  the  carbonate  in  solution,  the  hyposulphate 
of  baryta  is  obtained,  and  may  be  purified  by  crystallization.  The  so- 
lution of  this  salt  may  be  decomposed  by  the  careful  addition  of  sul- 
phuric acid,  and  the  hyponUpkurie  acid  is  thus  obtained  in  solution. 

This  acid  is  inodoroUs,  sour,  and  may  be  concentrated  by  exposure 
to  a  vacuum  with  sulphuric  acid  :  it  is  decomposed  by  a  heat  beloir 
that  of  boiling  water,  sulphurous  acid  is  disengaged,  and  sulphuric  acid 
remains.  It  perfectly  saturates  bases,  and  forms  soluble  salts  witk 
baryta,  strontia,  lime,  oxide^f  lead,  and  probably  with  all  other  bases. 
(^Annales  de  CtUm.  etPhys.  x.  312.)  The  hypoaulphate  of  baryta  cry- 
stallizes in  quadrangular  prisms  variously  terminated ;  100  parts  of 
water  at  60**  dissolve  about  1 4  parts.     It  consists  of 

1  proportional  of  baryta =  78 

1  hyposulphuric  acid        =  72 

2 water  9X2 »  18 
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Or  it  may  be  stated  as  containing  in  its  dry  state 
1  baryta =  78 

Hyposulphuric  acid  \  J  ««JPjj«"c  acid    =  40 
^'^       ^  }1  sulphurous  acid  =  32 

150 

640.  Sulphate  of  Baryta  is  an  abundant  natural  product ;  it  is  insoluble 
and  therefore  produced  whenever  sulphuric  acid  or  a  soluble  sulphate, 
is  added  to  any  soluble  salt  of  baryta  ;  hence  the  solutions  of  baryta  are 
accurate  tests  of  the  presence  of  sulphuric  acid.  Sulphate  of  baryta 
.consists  of  one  proportional  of  sulphuric  acid  and  one  of  baryta. 

40  sulphuric  acid 
78  baqrta 

tl8 

64 1 .  JfaHve  Sulphate  (f  Baryta,  Heavy  Spar,  or  Barosdemte,  is  prin- 
cipally found  io  the  mines  of  Westmorland  and  Cmnberland,  and  in 
Transylvania,  Hungary,  Saxony,  and  Hanover.  A  variety  met  with  in 
I>erbyshire,  is  called  cawk.  It  occurs  massive,  and  erYstallized  in  s 
great  variety  of  forms.  Its  primitive  figure  is  a  riiomboidal  prism,  the 
anises  of  which  are  IOI<>  42*,  and  78»  18'.    It  is  faarder  tiian  cariw- 
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oate  of  lime,  but  not  so  hard  as  flaate  of  lime.    Its  specific  gravity 
u  4.7. 

Whea  native  snlpliate  of  baryta  is  heated  it  decrepitates  and  at  a  high 
temperature  fuses  into  an  opaque  white  enamel :  it  was  employed  in 
the  manufacture  of  jasper  ware  by  the  late  Mr.  Wedgw6od.  When 
formed  into  a  thin  cake  with  paste,  and  heated  to  redness,  it  acquires 
the  property  of  phosphorescence.  This  was  first  ascertained  by  Vin- 
cenzo  Cascariolo,  of  Bol(^a,  whence  the  term  Bologna  phosphoruB  is 
applied  to  it.  (186).  The  artificial  sulphate  of  baryta  is  used  as  a 
pigment,  under  the  name  of  permanent  white.  It  is  very  useful  for 
marking  phials  and  jars  in  a  laboratory.  Sulphede  of  baryta  is  sparing- 
ly soluble  in  sulphuric  acid. 

642.  As  the  native  sulphate  is  a  common  and  abundant  compound* 
several  processes  have  been  contrived  for  obtaining  from  it  pure  bary- 
ta. This  may  be  efiected  by  reducing  the  crystallized  sulphate  to  a 
fine  powder,  and  heating  it  rea  hot  for  half  an  hour  in  a  silver  crucible 
with  three  parts  of  carbonate  of  potassa :  the  fused  mass  is  then  boiled 
repeatedly  in  water,  till  it  no  longer  iafifords  any  thing  soluble  in  that 
liquid  ;  the  inaolubl<s  residue,  consisting  chiefly  of  carbonate  of  baryta, 
may  be  digested  in  dilute '  nitric  acid,  by  which  nitrate  of  baryta  is 
formed,  and  which  will  yield  the  pure  earth  by  exposure  to  heat  as 
above-mentioned.  (635). 

Another  method  consists  in  exposing  to  a  red  heat,  in  aa  earthen 
cmcibie,  a  mixture  of  six  parts  of  finely  powdered  sulphate  of  baryta, 
with  oae  of  powdered  charcoal,  fi>r  half  an  hour.  This  converts  the 
sulphate  into  suJphuret  of  bstrjUf  which  is  to  be  dissolved  in  hot  water, 
the  splation  filtered  and  milled  with  solution  of  carbonate  of  soda  as 
long  as  it  occasions  a  precipitate,  which  when  washed  and  dried,  is 
carbonate  of  baryta.  Or,  by  adding  nwriatic  acid  to  the  liquid  sulphu- 
ret,  sulphur  is  thrown  down  and  sulphuretted  hydrogen  evdved,  and 
muriate  of  baryta  formed,  which  may  be  filtered  off,  and  if  required, 
decomposed  by  carbonate  of  potassa.  Or  the  sulphuret,  as  it  comes 
out  of  the  cri»cible,  may  be  thrown  into  dilate  nitric  a«id,  by  which 
sulphuretted  hydrogen  is  evolved,  and  a  nitrate  of  baryta  formed,  which  , 
may  be  separated  from  the  remaining  impiiritieB  by  copious  washings 
with  hot  water. 

643.  Pkosphuret  of  Barium  is  produced  by  passing  phosphorus  over 
heated  baryta ;  there  is  an  intense  action  and  a  phosphuret  of  a  metallic 
lustre  is  obtained,  which  acts  upon  water,  aiul  affords  a  solution  cpn* 
taining  Hypophosphite  of  Barj/ta.-^ee  Chap.  IV.,  Sect.  iv. 

644.  llfypopkQsphite  of  Barjfta^  like  the  other  bypophosphites,  is 
very  soluble  and  scarcely  crystallizable. 

64d.  Phospbdie  of  Baryta  was  obtained  by  Berzelius  by  adding  mu- 
riate of  Baryta  to  phosphite  of  ammonia ;  a  crust  of  phosphite  of  ba- 
ryta \Tu  formed  in  24  hours,  consisting  of     , 

Phosphorous  acid  24.31 

Baryta 67.24 

Water .     8.46 

Jinn,  de  Otim.  et  Phyt.y  ii.  231. 
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646.  PhotpkcUe  of  Baryta  consists  of 

28     phosphoric  acid 
78     baryta 

106 

tt  is  insoluble  in  water ;  and,  therefore,  formed  by  adding  a  solatioa 
of  phosphoric  acid  or  phosphate  of  soda  to  nitrate  or  muriate  of  ba- 
ryta. 

Berzelius  has  described  a  crystallizable  Bi-pkosphaU  of  Bartfta, 
obtained  by  digesting  the  phosphate  in  phosphoric  acid  ;  and  a  Sesqui- 
phosphate^  obtained  by  pouring  the  bi-phosphate  into  idcohol,  which 
occasions  a  precipitate  of  a  white  tasteless  powder,  composed  of  1  pro- 
portional of  baryta  +  1.5  proportional  of  add. 

647.  Carbdnate  of  Baryta  is  found  native.  Artificially  produced,  it 
is  a  white  compound  insoluble  in  water,  containing 

22  carbonic  acid 
78  baryta 

100 
It  is  poisonous. 

648.  Natvoe  CarhonaU  of  Baryta  was  first  discovered  at  Aog^eauk, 
in  Lancashire,  by  Dr.  Withering,  and  hence  acquired  the  name  cfWitk- 
erite.  It  has  also  been  found  in  Wales,  Cumberland,  Durham,  West- 
morland, and  Shropshire.  Its  priinitive  crystal  is  an  obtuse  rhomboid : 
sometimes  it  forms  pyramidal  six-sided  prisms.  That  found  in  Lanca- 
shire is  in  globular  masses  of  a  radiated  structure.  It  is  useful  as  a 
source  of  pure  baryta  and  its  salts,  and  though  not  soluble  in  water,  ts 
poisonous.  It  dissolves  very  sparingly  in  solution  of  carbonic  acid, 
whence  the  superiority  of  baryta  water  to  lime  water  in  some  cases  as 
a  test  of  carbonic  acid.  The  native  carbonate  of  baryta  is  muchm(^e 
difficult  of  decomposition  by  heat  than  the  artificial ;  if  mixed  with  a 
little  charcoal  powder,  and  kept  for  some  time  in  a  red  heat,  carbonic 
oxide  escapes,  and  pure  baryta  is  formed. 

649.  Borate  of  Baryta  is  an  insoluble  white  powder. 

650.  The  soluble  biu*ytic  salts  furnish  white  precipitates  of  carbonate 
and  sulphate  of  baryta,  upon  the  addition  of  carbonate  or  sulphate  of 
soda.  They  give  a  yellow  tinge  to  the  flame  of  spirit  of  wine.  The 
sulphate  is  insoluble  in  nitric  acid  and  in  the  alcalis,  and  very  f^MBuriQg* 
ly  soluble  in  sulphuric  acid. 

Nearly  all  the  barytic  compounds  are  poisonous  ;  the  safest  antidote 
is  solution  of  sulphate  of  soda,  or  dilute  sulphuric  acid.  (Orfii<a, 
Train  des  Poimms^  Tom.  i.  2me.  p.  167.)  The  muriate  of  baryta 
has  been  employed  in  medicine,  but  the  .principal  use  of  baiyta  is  in 
the  chemical  laboratory,  jilt  is  possible  tluit  pure  baryta  might  be  eco- 
nomically used  for  the  decomposition  of  sulphate  of  soda,  to  obtain  the 
pure  alcali. 


Section  VI.    Strowliwik^ 

651.  This  metal  is  procured  from  the  earth  strontia  by  the  same 
process  as  barium,  which  metal  it  resembles  in  appearance. 


NIXRATE   OF   8TRONTIA.  ^0^ 

65^.  Oxide  of  StrwUium^  or  the  earth  Stroniia^  is  procured  hj  the  ig- 
nition of  the  pure  nitrate ;  it  is  of  a  grey  colour  and  very  difficult  of 
fusion  when  free  from  water ;  it  forms  a  pulverulent,  and  a  cry$Uillized 
lijfdrate,     Strontia  consists  of 

44    strontium 

8  oxygen 

62 

These  proportions  are  theoretically  deduced  from  the  sulphate,  for 
62  parts  of  strontia  combine  with  40  parts  of  sulphuric  acid,  containing 
16  sulphur  and  24  oxygen  ;  hence  8,  or  one  third  of  the  oxygen  exist- 
ing in  the  acid,  must  be  contained  in  the  base  (527),  and  52  —  8  =  » 
44,  the  proportion  of  metal  in  the  protoxide,  and  the  representative 
Dumher  of  strontium. 

The  pulverulent  hydrate  contains 

52     strontia 

9  water 

61 

At  the  temperature  of  60»,  2  parts  of  water  dissolve  3  of  the  ctya.- 
taUized  hydrate. 

I  part  of  strontia  requires  about  160  of  water  at  60*^  for  its  solution. 
Stroniia  water  is  transparent  and  colourless  ;  it  greens  vegetable  blues, 
and  its  taste  is  styptic  and  acrid. 

653.  Qdorine  and  Strontium. — This  compound  which  has  also  been 
called  Muriate  of  Strontia,  is  commonly  procured  by  dissolving  carbo- 
nate of  strontia  in  muriatic  acid.  It  crystallizes  in  slender  six-sided 
prisms,  soluble  in  twice  their  weight  of  water,  at  60«.  When  chlorine 
is  made  to  act  upon  8trontra,itis  absorbed,  and  oxygen  evolved  :  the 
resulting  compound  contains 

44  strontium 
36  chlorine 

80 

It  is  of  a  grey  colour.  It  dissolves  in  alcohol,  and  the  solution  bums 
with  a  purple-coloured  flame. 

654.  Chlorate  of  Strontia  is  a  very  soluble  and  deliquescent  salt,  dif- 
ftevHIy  crystallizable,  and  detonates  when  dirown  upon  red-hot  coals 
wiih  a  beautiful  pur[de  li^t. 

65Gu  iodide  of  Strontium  may  be  formed  as  iodide  of  barium.  Dis- 
solved in  water,  and  carefully  evaporated,  it  furnishes  delicate  pris- 
malic  crystals  otHydriodate  ofStronitia,  whiA,  heated  in  close  vessels 
ibses  and  becomes  iodide  of  strontium  by  loss  of  water. 

656.  li^date  of  Stroniia  is  a  very  difficultly  soluble  compound  ;  it  is 
resolved  at  a  red  heat  into  oxygen,  iodine,  and  strontia. 

657.  Nitrate  of  Strontia  crystallizes  in  octoedra  and  dodecaedra ;  it 
is  sritible  in  its  weight  of  water  at  60^.     It  consists  of. 

52    strontia 
54    nitric  acid 
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Its  taste  is  pungent  and  cooling.  At  a  red  heat  the  acid  is  evolved 
and  partlj  decomposed,  and  strontia  remains. 

This  salt  is  used  in  the  red  fire  employed  at  the  theatres,  which 
consists  of  40  parts  of  dry  nitrate  of  strontia,  13  of  powdered  sulphur, 
5  of  chlorate  of  potassa,  and  4  of  sulphuret  of  antimony.  The  chlorate 
and  sulphuret  should  he  separately  powdered,  and  mixed  together  oo 
paper  with  the  other  ingredients  ;  a  very  small  quantity  of  powdered 
charcoal  may  also  be  added. 

658.  Sulphuret  of  Stroniium  may  he  formed  by  fusing  strontia  and 
sulphur  in  a  green  glass  tube  ;  or  by  exposing  the  powdered  sulphate 
to  a  red  heat  with  charcoal.  It  dissolves  in  water  with  the  same  pbs- 
nomena  as  sulphuret  of  potassa,  and  its  solution  furnishes,  by  cautions 
evaporation,  crystals  o£  hydro$ulphuret  of  strontia, 

659.  Hyposulphite  of  Strontia  is  formed  by  passii^  sulphurons  acid 
into  the  liquid  sulphuret :  it  crystallizes  in  rhomboids  permanent  at 
common  temperatures  and  soluble  in  about  5  parts  of  water  at  60®. 

SrAT-LussAc,  Antudes  de  Oitmte,  Ixxxv.)     According  to  Mr.  Herschel, 
is  salt  is  doubly  refractive.     Its  taste  is  bitter,  and  it  is  insoluble  in 
alcohol. 

660.  Sidphite  of  Strontia  has  not  been  examined. 

661.  Sulphate  of  Strontia  occurs  native.  It  is  nearly  insoluble,  1 
part  requiring  4000  of  water  for  its  solution.  When  hei&ed  with  dor- 
coal,  its  acid  is  decomposed,  and  sulphuret  of  strontia  is  fonned,  which 
affords  nitrate  by  the  action  of  nitric  acid.  This  process,  equaDj  prac- 
ticable upon  sulphate  of  baryta  (64S),  is  sometimes  adopted  to  obtain 
the  earth.  Sulphate  of  strontia  dissolves  in  hot  sulphuric  acid,  bat  is 
thrown  down  upon  adding  water.    It  consists  of 

52    strontia 
40    acid 

92 

662.  The  I^atvoe  Sulphate  of  Strontia  i»  sometimes  of  a  blue  tint,  and 
has  hence  been  called  eeUstine,  Sometimes  it  is  colourless  and  trans- 
parent. Its  primitive  form  is  a  prism  of  104^  48'  and  76°  42*  witti  a 
rhomboidal  basis.  It  has  been  found  at  Strontian  in  Argyleahire ;  in 
the  vicinity  of  Bristol ;  and  at  Montmartre  near  Paris.  The  finest 
crystallised  specimens  are  accoiiipaBied  with  native  sulphur,  horn  Sici- 
ly.   Its  specific  gravity  is  3.2. 

663.  Hypophosphdte  of  Strontia  has  been  examined  by  Dolong:  it  is 
a  very  soluble  and  difficultly  crystallisable  salt. 

664.  Phosphite  of  Strontia  has  not  been  exattuned. 

665.  Phosphate  of  Strontia  is  an  insoluble  white  salt,  containing 

62  strontia 
28  acid 

80 

It  is  soluble  in  excess  of  phosfrfioric  acid,  winch  is  not  the  case  with 
phosphate  of  baryta.  It  is  entirely  decompiosed  by  solphiiiic  acid. 
By  igniting  it  with  charcoal,  pAo^Jbvree  ofstnmtinm  is  obtamed. 
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lias.  Carbonate  of  Strontta  exkts  native.  Artificially  formed,  it  i&  a 
white  insoluble  body,  containing 

52  strontia 

22  carbonic  acid 

74 

When  strongly  heated  with  a  little  charcoal  powder,  it  is  decompos* 
ed,  carbonic  oxide  is  giren  off,  and  pure  strontia  remains. 

667.  A'ative  Carbonate  of  Strontia  or  Strontianite  is  a  rare  mineral.  It 
has  a  greenish  tint,  and  occurs  in  radiated  masses,  and  sometimes  in 
adcnlar  and  hexaedral  crystals.  It  was  first  discovered  in  1787  at 
Strontian  in  Argylesfaire,  whence  the  name  of  this  earth ;  it  has  also 
been  found  in  Saxony  and  in  Peru.     Its  specific  gravity  is  3.6. 

This  substance  was  first  examined,  and  the  peculiarities  of  strontia 
pointed  out,  by  Professor  Hope  of  Edinburgh,  in  1791.  His  experi- 
ments  are  detailed  in  the  Philosophical  TVansacHons  of  the  Royal  Society 
of  Edinburgh^  Vol.  lY.  p.  44. 

668.  BorateofSerotOtawasfonnedby  Dr.  Hope.  It  is  a  white  pow- 
der  soluble  in  130  parts  of  water. 

669.  There  is  in  many  respects  a  resemblance  between  strontia  and 
baryta  which  has  led  to  confusion  in  analysis. 

The  following  are  some  of  the  most  striking  points  of  resemblance. 
They  are  both  found  native  in  the  states  of  sulphate  and  carbonate  only ; 
both  sulphates  are  soluble  in  excess  of  sulphuric  acid,  and  nearly  inso*- 
luble  in  water  ;  they  are  decomposable  by  similar  means,  as  well  as 
the  native  carbonates :  they  are  both  crystallizable  from  their  hot 
aqueous  solutions,  and  both  attract  carbonic  acid.  The  carbonates  are 
each  soluble  with  effervescence  in  most  of  the  acids ;  but  the  native 
carbonates  are  not  so  easily  acted  on  as  the  artificial.  Pure  ammonia 
precipitates  neither  one  nor  the  other* 

Thie  following  are  essential  distinctions.  Baryta  and  all  its  salts,  ex- 
cept the  sulphate,  are  poisonous.  The  corresponding  strontitic  salts 
are  innocent  Baryta  tinges  flame  yellow ;  strontia,  red.  Strontia  has 
less  attraction  for  acids  than  baryta ;  hence  the  strontitic  salts  are  de- 
composed by  baryta.  The  gveater  number  of  the  barytic  salts  are  less 
soluble  than  those  of  strontia,  and  they  differ  in  their  respective  forms 
and  folubiiities.  Pure  baryta  is  ten  times  more  soluble  in  water  than 
pure  strontia. 


SfiCTioiv  VII.    JIhgnemm. 

670.  The  metallic  base  of  ma^iesia  has  not  hitherto  been  obtained ; 
but,  when  that  earth  is  negatively  electrized  with  mercury,  the  resulting 
compound  decomposes  water,  and  g^ves  rise  to  the  formation  of  mag^ 
nejta.  From  the  properties  of  the  amalgwn  it  appears  that  it  is  a  white 
iolid  metal  heavier  than  water,  and  highly  attractive  of  oxygen* 

671.  Magnena  or  Qxtde  of  Mc^^nmm  is  condaded,  from  inlirect 
experiments,  to  consist  of  12  metal  +  8  oxygen ;  iU  representative 

GG 
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number,  thereiore,  is  20.  It  may  be  procured  by  exposing  the  car- 
bonate of  magnesia  to  a  red  heat.  Magnesia  is  a  white  insipid  sab- 
stance,  which  slightly  greens  the  blue  of  violets.  Its  specific  graTit)' 
is  2.3  ;  it  is  almost  infusible  and  insoluble  in  water.  I  once  succeeded 
in  agglutinating  a  small  portion  of  this  earth  in  the  voltaic  flame,  and 
whilst  exposed  to  this  high  temperature,  it  was  perfectly  fused  by  di- 
recting upon  it  the  flame  of  oxygen  and  hydrogen.  A  mixtareol^ 
magnesia  iamd  lime  is  scarcely  more  fusible  than  the  pure  earth.  It 
does  not  absorb  carbonic  acid  or  moisture,  as  is  the  case  with  the  other 
alcaline  earths. 

672.  Native  Magnesia  is  a  very  rare  mineral,  and  has  hitherto  been 
found  only  at  HoboKen,  in  New-Jersey.  Its  colour  is  greenish  white; 
its  texture  lamellar  and  soft.  According  to  the  analysis  of  Dr.  Brace, 
it  consists  of 

70  magnesia 
30  water 

100 

G73.  Chloride  of  Magnenum  may  be  obtained  by  passing  chlorioe 
over  red-hot  magnesia ;  oxygen  is  expelled,  and  a  substance  obtained 
which  moisture  converts  into  muriate  of  magnesia. 

674.  Muriate  of  Magnesia  is  very  deliquescent,  and  difficultly  crys- 
tallized. Its  solution  has  a  bitter  saline  taste.  Exposed  to  heat  and 
air,  muriatic  acid  flies  off,  and  the  magnesiii  remains  pure.  It  consists 
of 

Magnesia  ...  20 
Muriatic  acid    37 

57 

675.  Muriate  of  Magnesia  is  found  in  a  fc«v  saline  springs,  and  also 
in  the  water  of  the  occun.  By  evaporating  a  pint  of  sea-water  we 
obtain 

Common  Salt 180.5  grs. 

Muriate  of  Magnesia 23 

Sulphate  of  Magnesia 15.5 

Sulphate  of  Lime 7, 1 


226.1 


Murray's  Analysis  of  Sea'Water,  Edinburgh  Phil.  Trans.^  VoL  viii. 
p.  205. 

The  average  specific  gravity  of  sea-water  is  1.026  or  1.028.  It 
freezes  at  about  28.5'',  and  does  not  appear  materially  to  differ  in  com- 
position in  different  latitudes,  provided  it  be  taken  from  a  sufficient 
depth.  Near  the  mouths  of  rivers,  and  in  the  victnitiea  of  melting  ice 
or  snow,  its  composition  will  of  course  vary. 

676.  Chlorate  of  Magnesia  is  a  bitter  deliquescent  salt 

677.  Hydriodate  of  Magnesia  is  deliquescent,  and  loses  bydriodic 
add  by  exposure  to  heat 

Iodide  of  Magnesium  has  not  been  examined. 

678.  Nitrate  of  Magnesia  crystallizes  in  rhomboidal  prismi^t  A^^^' 
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qu€scent,  and  solable  in  its  weight  of  water.     Its  taste  is  cooling  and 
liitter,  and  it  is  decomposed  at  a  red  heat.     It  contaios 

Magnesia     20 

Nitric  acid  54 

74 

679.  ^mmottio'JViirate  of  Magnena  may  be  obtained  by  evaporating 
a  im\ed  solution  of  nitrate  of  ammonia  and  nitrate  of  magnesia  ;  it 
forms  prismatic  crystals  of  a  bitter  acrid  taste,  soluble  in  about  11 
parts  of  water  at  60^,  and  less  deliquescent  than  their  copiponent  salts 
separately. — Fourcroy,  Annales  de  Chimie^  iv.  216. 

680.  Sidphuret  of  Magnesia, — ^Sulphur  and  magnesia  do  not  appear 
to  form  a  complete  sulphuret,  for  when  melted  together  the  compound 
does  not  dissolve  in  water  ;  and  when  heated  the  sulphur  bums  off. 

681.  Hyposulphite  of  Ma^^nesia  may  be  formed  by  boiling  flowers  of 
ralphur  in  solution  of  sulphite  of  magnesia  ;  it  is  bitter  very  soluble 
but  not  deliquescent.  Being  more  soluble  in  hot  than  cold  water,  it 
readily  crystallizes  as  its  solution  cools ;  heated,  the  sulphur  escapes, 
but  it  is  not  very  combustible. 

682.  S%dphite  of  Magnesia  is  prepared  by  passing  sulphurous  acid 
through  water  containing  diffused  magnesia,  it  forms  tetraedral  crys- 
tals soluble  in  20  parts  of  water  at  60**. 

6S3,  Sulphate  of  Magnesia  is  a  commonly  occurring  compound  of 
this  earth,  much  used  in  medicine  as  an  aperient.  Jt  is  largely  con- 
sumed jn  the  preparation  of  carbonate  of  magnesia.  It  cryst^dlizes  in 
four-sided  prisms  with  reversed  dihedral  summits ;  or  four-sided  pyra- 
mids. Its  taste  is  bitter.  It  is  soluble  in  its  own  weight  of  water  at 
60«».  When  exposed  to  a  red  beat,  it  loses  its  water  of  crystallizatiop, 
amounting  to  about  50  per  cent.,  but  Ls  not  decomposed,     tt  consists  of 

Magnesia.  ...  20 

Sulphuric  acid     40 

60 

la  its  crystallized  state,  it  may  be  considered  as  composed  of  1  pro- 
[>orlional  of  dry  sulphate  +  7  proportionals  of  water,  or  60  sulphate 

63  water 

123 

68 1.  This  salt  is  usually  obtained  from  sea- water,  the  residue  of 
which,  after  the  separation  of  common  salt,  is  known  by  the  name  of 
/fittem,  and  contains  sulphate  and  muriate  of  magnesia ;  the  latter  is 
decomposed  by  sulphuric  acid :  a  portion  of  muriate  of  magnesia  oflcn 
rcnaains  in  the  sulphate  and  renders  it  deliquescent :  it  is  also  occasion- 
ullj  obtained  from  saline  springs  ^  and  sometimes  by  the  action  of  sul- 
phuric a^  on  magnesian  limestone.  It  was  once  procured  from  the 
springs  of  Epsom  in  Surrey,  and  hence  called  Epsom  salt.  It  has  been 
found  native,  constituting  the  bitter  salt  and  hair  salt  of  mineralogists  : 
It  not  unfrequently  occurs  as  a  fine  capillary  incrustation  upon  the 
damp  walls  of  cellars  and  new  buildings. 

685.  The  sulphate  of  magnesia  of  commerce  is  occasionally  adul-  '^ 
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teraled  with  small  crystals  of  sulphnte  of  soda ;  the  fraud  is  detected 
by  the  inferior  weight  of  the  precipitate,  occasioned  by  addii^  carbo* 
nate  of  potassa ;  100  parts  of  pure  crystallized  sulphate  of  magnesiafur- 
nishing  a  precipitate  of  ab«ut  40  parts  of  dry  carbonate. 

686.  AfniawMO'Svl'phaie  of  Magnesia  may  be  obtained  by  mijing 
—  solution  of  sulphate  of  ammonia  with  solution  of  sulphate  of  mi^e- 

sia ;  or  by  pouring  amiqpnia  into  a  solution  of  the  sulphate  of  magne- 
aia,  in  which  ctoe,  part  only  of  the  magnesia  is  thrown  down,  the  re- 
mainder forming  with  the  sulphate  of  ammonia  this  triple  srit.  It  crys- 
tallizes in  octoedra  and  consists  of 

"  "         68  sulphate  of  magnesia 
32  sulphate  of  ammonia 

100 

FouRcROY,  Annalts  de  Chimie,  vi. 

687.  Sulphate  of  Potassa  and  Magnesia  forms  rhomboidal  crystalr. 
scarcely  more  soluble  than  sulphate  of  potassa,  and  of  a  bitter  taste. 

688.  Pho$phwet  of  Magnesia^  not  examined. 

689.  Hypophospkite  of  Magnesia,  not  examined. 

690.  Phosphite  if  Magnesia,  not  examined. 

691.  Phosphate  of  Magnesia  is  formed  by  adding  the  carbonate  uf 
magnesia  to  phosphoric  acid.  It  is  insoluble.  According  to  Foarcroy. 
crystals  of  phosphate  of  magnesia  may  be  obtained  by  mixing  the 
aqueous  solutions  of  phosphate  of  soda  and  sulphate  of  magnesin. 
The  bi'phospftate  crystallizes  in  irregular  six-sided  prisms,  sc^uble  in 
14  parts  of  water  at  60^,  and  efflorescent. 

692.  Amtnonio'Phosphate  of  Magnesia  is  formed  by  mixing  the  soIq- 
tiona  of  phosphate  of  ammonia,  and  phosphate  of  magnesia  ;  it  preci- 
pitated in  the  form  of  a  white  crystalline  powder,  or  in  small  four-sided 
prisms,  tasteless,  and  scarcely  soluble  in  water,  but  readily  soloble  in 
dilute  muriatic  acid.  Exposed  to  a  high  temperature  it  falls  into  pow- 
der, evolves  ammonia,  and  fuses  with  difficulty.  Accordinglo  Fonr- 
croy,  it  contains  equal  weights  of  phosphate  of  ammmonia,  phosphate 
of  magnesia,  and  water. 

To  separate  magnesia  from  other  earths,  Dr.  WoUaston  availed  him- 
self of  the  formation  of  this  triple  phosphate.  A  mixture,  for  instance. 
of  lime  and  magnesia  may  be  dissolyed  in  muriatic  acid  ;  and,  upon  the 
addition  of  bi-carbonate  of  ammonia,  the  lime  is  thrown  down  in  the 
state  of  carbonate,  but  the  magnesia  is  retained  by  the  excess  of  car- 
bonic acid.  Filter  and  add  a  saturated  solution  of  phosphate  of  soda. 
and  in  a  short  time  the  ammonio-magnesian  phosphate  falls  down,  100 
grains  of  which  are  equivalent  to  about  20  of  magnesia.  In  occasion- 
ally employing  this  process,  however,  I  have  never  been  able  to  throiv 
down  the  whole  of  the  magnesia,  a  portion  being  under  all  circumstao- 
ces  retained  in  solution. 

693.  Carbonate  of  Magnesia  is  generally  procured  by  adding  caibo- 
nated  alcalis  to  a  solution  of  sulphate  of  magnesia.  It  is  a  white,  insi- 
pid, and  insoluble  powder,  which  loses  its  acid  at  a  red  beat,  and  th*i^ 
affords  pure  (calcined)  magnesia.    It  contains 

20    magnesia 
22    Carbonic  acid 

12 
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694.  Carboaate  of  magaesia  was  first  used  in  medicine  early  in  tbe 
last  cttitory .  It  ia  often  obtained  from  sea- water ,  after  the  separation  of 
its  common  aalt.  It  has  been  found  fiact<oe  in  Piedmont  and  Moravia, 
constitutii^  the  mineral  called  magntnie.  It  has  also  been  foand  at 
Hoboken  in  veins  in  a  serpentine  rock,  accompanying;^  the  native  hy- 
drate ^672),  It  is  generally  white  and  finable,  and  in  some  places  in 
fine  acicular  crystals. 

695.  Bi-carbonate  o/'jlfogticma.-— Carbonate  of  magnesia  is  soluble  in 
excess  of  carbonic  acid,  and  this  solution  affords  efflorescent  crystals  of 
hi'carbafuUe  containing 

20    magnesia 
44    carbonic  acid 

64 
This  solution  of  ma^esia,  in  excess  of  carbonic  acid,  is  very  useful 
in  some  calculous  complaints. 

696.  Borate  of  Migneiia  may  be  formed  artificially.  It  occurs  na- 
tive in  a  minerad  called  boracke^  hitherto  only  found  in  the  duchy  of 
Luncburgh.  Its  primitive  form  is  the  cube,  but  the  edges  and  angles 
are  generally  replaced  by  secondary  planes,  and  four  of  the  an^es  are 
always  oY>served  to  present  a  greater  number  of  facets  than  the  other 
four  :  these  ci^tals  become  electric  by  heat ;  the  most  complex  angles 
being  rendered  positive,  and  the  simplest  negative.  It  sometimes  con- 
tains lime. 

697.  The  sbIU  of  n^gnesia  are  for  the  greater  part  soluble  in  water, 
and  afford  precipitates  of  magnesia,  and  of  carbonate  of  magnesia,  upon 
the  add  ition  of  pure  soda,  and  of  carbonate  of  soda.  Phosphate  of  Koda 
occasions  no  immediate  precipitate  when  added  to  a  magnesian  salt,  but 
the  addition  of  ammonia  causes  a  white  precipitate  of  the  tripple  am- 
monio-magnesian  phosphate. 

69S.  The  fossils  which  contain  magnesia  arc  generally  soft  and  appa- 
rently unctuous  to  the  touch;  they  have  seldom  either  lustre  or 
transparency,  and  are  generally  more  or  less  of  a  green  colour.  Stea- 
titt  or  soapntone^  UdCy  and  aBhestos  may  be  taken  as  instances.  The 
thty$oliie  abo  contains  more  than  half  its  weight  of  magnesia.  The 
miaeral  called  bUUr  spar^  of  which  the  finest  specimens  come  from 
the  Tyrol,  contains  45  per  cent,  carbonate  of  magnesia,  52  carbonate  of 
loBie,  and  a  little  iron  and  manganese.  Its  primitive  crystal  is  a  rhom- 
boid nearly  allied  to  that  of  carbonate  of  lime ;  its  angles  being  106^ 
20\  and  73^'  80'.  It  is  of  a  yellowish  colour,  and  a  pearly  lustre ; 
•eiBi4raDftpareat  and  brittle.  A  variety  found  at  Mieiho  in  Tuscany, 
has  been  called  JUiemt^e.  The  species  of  marble,  termed  Dolomite, 
found  in  the  Alps,  and  in  Icolmkill  in  Scotland,  contains  also  a  large 
quantity,  generally  40  per  cent,  of  carbonate  of  magnesia.  The  same 
may  be  said  of  the  magnesian  limestone  of  Derby  and  Nottingham :  it  is 
generally  of  a  yellowish  colour,  and  less  rapidly  soluble  in  dilute  nni- 
riatic  acid,  than  the  purer  limestones,  whence  the  French  have  term- 
ed ii  dm^  carbonatie  lente*  The  lime  which  it  affords  is  much  esteem- 
ed fi>r  cements,  but  for  agricultural  purposes  it  is  often  mischievous,  in 
consequence  of  its  remaining  caustic  for  a  very  long  time,  and  thus  in- 
juring the  young  plant. 

69d.  The  separation  of  me^;nesia  and  lime  is  a  problem  of  so^ie  im- 
portance in  analytical  chembtry ,  as  they  often  exist  tc^ether  m  the 
same  mineral^  more  especially  in  the  varieties  of  magnesian  limestone. 


9J4  ftlAN'GAireSE   AXD  oxYcev. 

When  soiotion  of  carbonate  of  ammoDta  is  added  to  the  imxed  soiation  ot 
lime  and  magnesia  in  nitric  or  muriatic  adds,  carlionate  of  lime  ialh, 
and  the  magnesia  is  retained  in  solution  and  may  be  sefmrated  by  boil- 
ing :  this  method,  however  simple,  is  not  susceptible  of  great  accara< 
cy,  for  a  portion  of  carbonate  of  lime  will  always  be  retained  along 
with  the  magnesia  in  solution,  and  a  triple  ammoniaco-magnesian  salt 
is  also  formed.  Mr.  R.  Phillips  {Quarterly  Joumoi,  vi.  317)  proposes 
the  following  process :  ''  To  die  muriatic  or  nitric  soiation  of  lime  and 
ma^esia,  add  sulphate  of  ammonia  in  sufficient  quantity ;  evaporate 
the  mixture  gradually  to  dryness,  and  then  heat  it  to  redness  tiU  it 
ceases  to  lose  weight  by  the  volatilization  of  the  muriate  or  nithite  of 
ammonia  formed  :  note  the  weight  of  the  mixed  salt,  reduce  it  to  pow- 
der and  wash  it  with  a  saturated  solution  of  sulphate  of  lime  till  all  the 
sulphate  of  magnesia  appears  to  be  dissolved  ;  dry  the  sulphate  of  lime 
left,  and  by  dcdncting  its  wei^t  from  that  of  the  mixed  sulphates  the 
quantity  of  sulphate  of  magnesia  dissolved  will  appear,"  After  repeat- 
ed trials  of  the  various  modes  of  separating  lime  and  magnesia,  I  am 
induced  to  consider  the  following  as  least  defective.  To  the  mixed  so- 
lution of  lime  and  magnesia  add  oxalate  of  ammonia  slightly  acid,  col- 
lect the  precipitate,  wash  and  dry  it.  65  parts  indicate  28  of  lime. 
If  nitric  or  muriatic  acid  were  used  for  solution,  the  magnesia  may  af- 
terwards be  obtained  by  evaporation  and  heating  the  residue  to  redaess 
in  a  platinum  crucible  till  it  ceases  to  lose  weight.  If  snlpburic  aciil 
were  the  solvent,  the  same  operation  affords  dry  sulphate  of  magnesia 
of  which  60  parts  are  equivalent  to  20  magnesia. 


Sectiojt  VIII.     Manganese, 

700.  The  common  ore  of  manganese  is  the  black  or  peroxide,  which 
is  found  native  in  great  abundance. 

The  metal  may  be  procured  by  exposing  the  protoxide  mixed  with 
charcoal,  to  an  intense  heat.  It  is  of  a  bluish  white  colour,  very  brit- 
tle, and  difficult  of  fusion.  When  exposed  to  air,  it  becomes  an  oxide. 
Its  specific  gravity  is  8. 

701.  Manganese  and  Oxygen, — There  are  three  de6aite  oxides  of 
manganese.  The  protoxide  may  be  obtained  by  digesting  the  native 
black  oxide  in  muriatic  acid.  Chlorine  is  abundiantly  evolved,  and  the 
hydrogen  of  the  muriatic  acid  unites  with  part  of  the  oxygen  of 
the  oxide  to  produce  water.  The  metal  thus  partly  deoxidized, 
is  dissolved  by  the  remaining  muriatic  acid,  fanning  a  muriautif 
manganese.  Iron  is  almost  always  present,  which,  as  Mr.  Hatchett 
has  shown,  may  be  easily  separated  by  neutralizing  the  muriatic  sohi- 
tion  with  amqionia.  The  oxide  of  iron  is  directly  precipitated,  but  ox- 
ide of  manganese  remains  in  solution  and  may  be  separated  bj:  excess  of 
ammonia*.     The  solutions  of  protoxide  of  manganese  furnish  a  white 


*  On  the  separ&tiooof  iron  from  oMogiAese,  see  ^arttrly  Journal iif  Science  andihe  .IrU. 
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precipitate  with  the  akalis,  which  is  a  hydrated  axidt  of  manganese^  and 
which,  whea  dried  in  close  vesseh,  acquires  an  olive  colour,  and  is  the 
protoxide.  Exposed  to  moist  air,  it  passes  into  the  state  of  deatoxide 
and  peroxide. 

702.  When  peroxide  of  manganese  is  heated  red-hot  till  it  ceases 
to  give  out  gas,  a  dark  reddish*hrown  devtoxtde  of  manganese  remains, 
which,  when  acted  upon  by  sulphuric  acid,  is,  according  to  Gay-Lus- 
sac,  resolved  into  protoxide  ^nd  peroxide.  Exposed  to  moist  air  it 
libsorbs  oxygen,  and  is  partly  re-converted  into  peroxide.  The  deu- 
toxide  is  most  easily  obtained  pure,  by  triturating  peroxide  of  manga- 
nese ID  fine  powder  with  superoxalate  of  potassa  and  water :  a  pink 
solutioa  is  obtained,  from  which  ammonia  throws  down  the  deutoxide. 

703.  The  Peroxide  of  Manganese  is  black;  it  is  not  soluble  in 
acids  ;  and  abounds  as  a  natural  product. 

/iatvve  Peroxide  of  Manganese  is  found  in  Devonshire,  Somerset- 
shire, and  Aberdeenshire,  and  occurs  compact,  and  crystallized.  The 
crystallized  varieties  have  a  grey  metallic  lustre,  and  are  found  acicu- 
larly  radiated,  and  in  rhomboidal  prisms.  It  Ls  generally  blended  with 
sulphate  of  baryta. 

704.  It  appears  probable  that  these  are  the  only  definite  oxides  of 
manganese.  Their  composition  is  variously  stated  by  various  che- 
mists ;  according  to  the  analysis  of  Berzehus  (Annales  dt  Chimie^ 
Ixxxvii.)  they  are  composed  as  follows  : 

Protozkie.  Pentoxide.  Peroxide. 

Manganese'  100.  iOO.  100. 

Oxygen  28.1  42.16  53:^ 

From  which  it  appears  that  the  proportions  of  oxygen  to  each  other, 
are  as  1.,  1.5,  and  2 ;  and  28.1  :  100  : :  8  :  28.4,  as  the  representa- 
tive number  of  manganese.  Dr.  Davy's  analysis  of  the  chloride  of 
manganese  (707)  which  was  made  in  an  unexceptionable  way,  gives 
the  number  28.6.  As  further  experimental  evidence  is  wanting,  we 
shall  not  be  far  from  the  truth  in  assuming  *28.0  as  the  equivalent  of 
manganese,  and  the  three  oxides  wiU  then  consist  of 

Pratoxide.  I)«iitoxide.  Peroxide. 

Manganese,  1  fwoporL    28.0  28.0  28.Q 

Oxjgen ...  1 8         1.5  propl.        12.  2  propl.      16. 

96  40  44 

705.  When  equal  parts  of  black  oxide  of  manganese  and  nitre  are 
ignited,  a  compound  results  which  has  been  called  cameleon  mineral  fin 
consequence  of  the  changes  of  colour  which  its  aqueous  solution  ex- 
hibits. M.  M.  Chevillot  and  Edwards  have  ascertained,  that  in  thi^ 
compound  the  black  oxide  of  manganese  has  absorbed  an  additional 
proportion  of  oxygen  and  acquired  the  property  of  forming  a  neutral 
mangmmesaie  of  potassa,  which  exists  in  the  red  cameleon,  and  may  be 
obtained  in  crystals.  When  there  is  excess  of  dcali,  the  cameleon  is 
green.— j}nna/e«  de  Chimie  et  Physique^  Tom.  iv. 

•  Thomson  in  his  late  paper  (Ann.  FhiL  rol.  17,  fbr  April  1831),  fiods  by  esperiment  tbo 

onpositiQo  of  salnbat«  of  mnnganeae 

Sulpiiiiric  acid 5.  >  which  when  (he  atom  of  $     40 

Ptatox.  nang. 4.5>  hydrocco  «=  1  Rives        I     36 ;  oaw 

dedactmg  1  atooi  oxjrgCD«S,  Icares  28  for  oiai^nese,  which  will  be  adopted  here. 
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706.  Mangantie  and.QMorinc.^^By  \f\inaiDg  the  metal  in  ehlon&e, 
or  by  exposmg  muritite  of  maag»nese  to  a  strong  heat^  a  phik  semi* 
transparent  flaky  substance  is  obtained,  which,  when  dissolved  in  wa« 
ter,  produces  a  muriate  of  manganese. 

707.  Muriate  of  Manganese  may  also  easily  be  formed  by  heating 
excess  of  the  black  oxide  with  muriate  of  ammonia  in  a  crucible,  dis- 
solving  the  mass  in  water  and  filtering,  if  this  solution  be  evaporated 
to  dryness  and  fused  out  of  the  contact  of  air,  the  crystallized  chloride 
is  obtained.  Heated  in  contact  of  air,  it  is  decomposed,  and  oxide  of 
manganese  remains.  In  this  decomposition  it  is  a  question  whetherthe 
chlorine  is  expelled  by  the  superior  attraction  of  the  oxygen  for  man- 
ganese ;  or  whether  the  moisture  in  the  air,  or  in  the  compound  itself 
is  concerned  in  the  change.  This  chloride  consists,  according  to  Dr. 
Davy  {PJUL  Trans.  1812,  p.  184)  of 

54  chlorine 
46  manganese 

100* 

So  that  it  may  be  regarded  as  a  compound  of 

1  proportional  manganese     28 
1  chlorine        36 

64 

708.  Chlorate  of  Manganese  has  not  been  examined,  nor  has  the  ac- 
tion of  iodine  or  of  its  acids  upon  this  metal  been  investigated. 

709.  J>fitmte  of  Jlfanganete.-— Dilute  nitric  acid  readily  dissolves  pro- 
toxide of  manganese,  and  forms  a  very  soluble  and  difficuldy  crystalli- 
zable  proto-ntTroie.  The  same  salt  may  be  obtained  by  digesting  pe- 
roxide of  manganese  in  nitric  acid  with  a  portion  of  gum  or  sugar,  which 
abstracts  oxygen,  carbonic  acid  is  evolved,  and  the  protoxide  dissolved 
by  the  acid.  Exposed  to  light,  the  solution  of  the  protonitrate  lets  fall 
a  portion  of  peroxide  of  manganese. 

When  dilute  nitric  acid  is  poured  upon  the  deutoxide  of  maugaoefe, 
a  protonitrate  and  peroxide  are  formed. 

The  composition  (theoretical)  of  nitrate  of  manganese  is 

36  protoxide 

54  acid 

90 

710.  Manganese  and  Sulphur  appear  unsusceptible  of  combinatiosi 
but  a  compound  of  oxide  of  manganese  and  sulphur  is  found  in  Transyl* 
vania  and  Cornwall.  It  is  of  a  blackish  grey  colour  and  metallic  lustre. 
The  black  oxide  of  manganese  heated  with  sulphur  forms  a  greenish 
compound,  and  abundance  of  sulphurous  acid  is  evolved  :  is  this  a  sul- 
phurct,  or  a  sulphuretted  oxide  of  manganese  ? 

711.  Hyposulphite  of  Manganese  remains  in  solution  when  sulphate 
of  manganese  is  decomposed  by  hyposulphate  of  lime. 

*  This  aimlysis  of  Dr.  John  Daiy,  diflen  finom  all  the  comfiiMltions  of  mai^gBDest,  «nJ 
may  he  considered  as  iocGrrect.  Thomioo,  by  the  experiment  last  alluded  to,  has  pro%ed  it 
coBipositloa  to  be 

Chlorine 4.5 56. 
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712.  SiUpkate  of  Manganese  is  formed  by  dissolnng  the  protoxide  or 
protocarboDate  in  the  acid,  and  evaporating  to  drjrqess  :  a  white prototul- 
phate  is  formed,  which  crystallixes  in  rhomboidsd  prisms,  and  consists  of 

36  protoxide 

40  sulphuric  acid 

76 

It  is  very  soluble  in  water,  and  has  a  bitter  styptic  taste  :  at  a  bright 
red  heat  it  gives  out  oxygen,  and  sulphurous  acid  anddeutoxide  of  man- 
ganese remain.  It  may  also  be  obtained  by  mixing  peroxide  of  manga- 
nese into  a  paste  with  sulphuric  acid»  and  heating  it  in  a  basin  nearly  to 
redness  :  oxygen  is  evolved,  and  the  dry  mass  washed  with  water  afford^ 
the  sulphate. 

713.  i)6if^oni//>^teo/'Afaftg'ane4e  is  formed  by  digesting  the  deutoxide 
in  sulphuric  acid  diluted  with  its  bulk  of  water :  a  red  solution  is  form- 
ed, but  the  salt  cannot  be  obtamed  in  a  neutral  or  separate  state,  for 
the  application  of  heat  evolves  oxygen,  and  forms  protosulphate.  It  is, 
probably,  to  a  little  deutosulphate  that  the  occasional  red  tinge  of  the 
protosulphate  is  to  be  attributed. 

714.  Phosphfirei  of  Mat^antse  is  ofa  blue  white  metallic  lustre,  and 
considerably  inflammable. 

715.  Phoiphite  and  Hypopliosphite  of  Manganese  have  not  been  ex- 
amined. 

716.  Phosphate  of  Manganese  is  precipitated  in  the  form  of  a  white 
insoluble  powder,  by  adding  phosphate  of  soda  to  muriate  of  manganese. 

717.  Carbonate  of  Manganese  is  white,  insipid,  and  insoluble  in  wa- 
ter. It  is  precipitated  by  alcaline  carbonates  from  the  protomuriate  or 
protosulphate,  and  consists  of 

36     protoxide 

22    carbonic  acid 

618 
*71 8.  The  salts  of  manganese  containing  the  protoxide. are  mostly  so- 
fable  in  water,  and  the  solution  becomes  turbid  and  brown  by  exposure 
to  air.  They  are  not  precipitated  by  hydriodic  acid ;  they  furnish 
white  precipitates  with  the  alcalis,  which  soon  become  discoloured  by 
exposure  to  air ;  they  are  precipitated  white  by  ferro-prussiate  of  po- 
tassa,  and  yellow  by  hydrosulphuret  of  ammonia. 

719.  The  native  peroxide  of  manganese  is  used  in  the  laboratory  as 
a  source  of  oxygen,  and  is  largely  employed  in  the  preparation  of  chlo- 
rine, especially  by  the  bleachers.  It  is  used  in  glass-making,  and,  when 
added  in  excess,  gives  it  a  red  or  violet  colour.  It  is  also  employed 
in  porcelain  painting ;  and  it  gives  common  earthen-ware  a  black  colour, 
by  being  mixed  with  the  materials  before  they  are  formed  into  vessels. 


Section  IX.    Iron, 

720.  Trg  most  important  native  combinations  of  iron,  whence  the 
immense  supplies  for  the  arts  of  life  are  drawn,  are  the  oxides.  Iron 
is  also  f<Aind  combined  with  sulphur,  and  with  several  acids  ;  it  is  so 
abundant  that  there  are  few  fossils  free  from  it.  It  is  also  found  in 
tonae  animal  and  vegetable  bodies ;  and  in  seteral  minaral  waters. 

HH 
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Iron  is  a  metal  of  a  blae  white  colour,  fusible  at  ik  white  heaU  Its 
specific  gravity  is  7.77.  It  has  not  been  so  long  known  as  many  of  the 
other  metals  ;  it  was,  hiwever,  employed  in  the  time  of  Moses  ibr  cut- 
ting instruments.  It  is  extremely  ductile,  but  cannot  be  hammered  out 
into  very  thin  leaves. 

721.  Iron  is  sometimes  found  native,  and  is  usually  regarded  as  of 
meteoric  origin,  for  it  is  invariably  alloyed  by  a  portion  of  the  metd 
nickel,  and  a  similar  alloy  is  found  in  meteoric  stones.  Native  Iron  is 
flexible,  cellular,  and  often  contains  a  green  substance  of  a  vitreous  ap- 

*  pearance.  It  has  been  found  in  Africa,  in  America,  and  in  Siberia^ 
where  a  mass  of  it  weighing  1600  lbs.  was  discovered  by  Professor 
Pallas.  The  mass  found  in  Peru,  described  by  Don  Rubin  de  Celis, 
weighed  15  tons.  In  the  year  1751,  a  mass  of  the  same  substance 
was  seen  to  fall  from  the  atmosphere  in  Croatia.  It  appeared  as  a 
large  globe  of  fire,  and  is  preserved  in  the  imperial  museum  of  Vienna. 

722.  Iron  and  Oxygen, — Exposed  to  heat  and  air,  iron  quickly  ox- 
idizes. It  unites  with  oxygen  in  at  least  two  proportions.  The  pro- 
totide  may  be  procured  by  precipitating  a  solution  of  sulphate  of  iron 
by  potassa,  washing  the  precipitate  out  of  the  contact  of  air,  and  dry- 
ing it  at  a  red  heat.  It  is  black,  and  consists  of  28  iron  +  B  oxygen  =? 
36.  It  is  supposed  by  M.  Gay-Lussac,  that  in  drying,  an  additional 
proportion  of  oxygen  is  always  absorbed,  and  that  the  black  oxide  is  a 
deutoxide  composed  of  100  metal  +  37.8  oxygen  ;  {Ann,  de  Ckim.  et 
Phys,,  Tom.  i.)  but  there  is  some  reason  to  doubt  the  accuracy  of  this 
conclusion. 

The  recently  precipitated  protoxide  of  iron  is  sparingly  soluble  in 
ammonia,  and  in  carbonated  alcalis. 

Black  protoxide  of  iron  may  also  be  obtained  by  burning  iron  in  oxy- 
gen gas :  this  very  beautiful  experiment  wjis  devised  by  Dr.  Ingenbous, 
and  is  best  performed  by  attaching  a  straight  piece  of  watch  spring. 
Wound  round  with  harpsichord  wire,  to  the  stopper  of  an  air-jar  of  oxy- 
"  .*  S^^  ga«  '  ^he  end  of  a  brimstone  match  may  be  attached  to  the  wire, 
and  inflamed  at  the  time  of  plunging  it  into  the  gas  ;  it  heats  the  wire 
red  hot,  which  then  burns  and  drops  in  black  globules  of  oxide  into  the 
water  beneath. 

This  oxide  of  iron  used  to  be  prepared  for  pharmaceutical  use,  by 
moistening  iron  filings  with  a  small  quantity  of  water,  and  exposing  them 
to  the  air  for  a  day  or  two ;  a  quantity  of  black  oxide  thus  forms,  which 
is  separated  by  washing,  and  the  process  repeated  till  the  whole  of  the 
metal  is  thus  oxidized.  It  was  called  martial  ethiops.  It  is  black, 
tasteless,  and  insoluble  in  water. 

723.  When  protoxide  of  iron  is  boiled  in  nitric  acid,  and  precipitated 
by  ammonia,  washed,  and  dried  at  a  low  red  heat^  it  increases  in  weight 
and  acquires  a  brown  colour.  This  is  thepero:rt(Je,  composed  of  28  iron 
+  12  oi^gen  =  40,     It  has  sometimes  been  called  Sj^ron  of  Mars, 

724.  The  number  26,  as  the  equivalent  of  iron  is  founded  on  the 
presumption  that  it  exists  as  a  protoxide  in  the  sulphate  :  now  100 
grains  of  pure  iron,  during  solution  in  sulphuric  acid,  evolve  170  cubic 
inches  of  hydrogen  at  mean  temperature  and  pressure,  and  consequeot- 
ly  86  cubic  inches  of  oxygen  =  28.68  grs.  have  been  transferred  to 
the  iron  :  and  28.68  :  100  :  :  8  :  27.9.  The  quantity  of  oxygen  in  the 
peroxide  of  iron  is  shown  to  be  to  that  in  the  protoxide  as  3  to  2  by  the 
following  experiment.  100  grains  of  iron  were  dissolved  in  nitric  acid 
and  the  wlutioa  evaporated  to  dryness,  and  the  residue  sufficiently 
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heated  to  driVe  off  the  whole  of  the  acid  :  143  grains  of  peroxide  ft* 
mained.     So  that4he  composition  of  the^  oxide»  stands  thu3  : 

Protoxide.  PerosMv. 

Iron.  .  .100        100 

Oxygen    28.68 43 

128.68  143 

And  28.68  .  43  : :  8  :  12  =  ^  proportional  of  oxjgen. 

M.  Qay-lvssac  (Ann.  de  Oiinu  ei  Phys.  i.,  and  Ann,  de  Cfctm.  Ixxx.) 
has  detailed  some  experiments,  which  he  considers  as  demonstrating 
the  existence  of  a  third  definite  oxide  of  iron,  intermediate  between 
the  above  oxides,  and  composed  of  iron  100  +  oxygen  37.8.  Such  a 
compoand  he  thinks  is  obtained  by  passing  steam  for  a  length  of  time 
over  red-hot  iron :  it  seems,  however,  very  questionable  whether  this 
be  a  definite  compound  :  it  is  rejected  by  Berzelius,  who  only  admits 
tho  oxides  above  described. 

M.  Thonard,  in  describing  the  oxides  of  iron,  (Traiti  ii«  76.  Edit.  2.) 
considers  the  octoedral  and  magnetic  iron  ores  as  composed  of  this  deu- 
toxide,  and  does  not  allow'  of  the  existence  of  native  protoxide  of  iron. 
In  the  present  state  of  tlie  question,  however,  1  should  feel  rather  in- 
clined to  view  this  deutoxide  as  a  nuxture  of  the  protoxide  and  perox- 
ide, than  as  any  definite  compound,  more  especially  as  the  analyses  of 
the  native  magnetic  oxides  give  variable  proportions  of  oxygen. 

In  order  that  the  repreacntntive  namberof  iron  may  also  be  its  equi- 
valent number,  it  is  represented  by  26.  But  the  peroxide,  instead  of 
consisting  of  1  proportional  metai  -f-  2  oxygen,  consists  of  1  propor«> 
tional  metal  +  1.5  oxygen  ;  and  the  chloride  and  perchloride  bear  the 
same  relation  to  each  other.  The  case  however  is  diflferent  with  the 
salphorets  ;  for  the  sulphuret  consists  of  1  proportional  iron  +  1 
sulphur  :  and  the  bi-sulphuret  of  1  iron  -f  2  sulphur. 

M.  Gay-Lussac  has  shown  the  curious  Tact,  that  although  red-hot. 
iron  decomposes  water,  hydrogen  is  capable  of  decomposing  all  the  ox-  \  . 
ides  of  iron  at  a  red  heat. — jhtn.  de  Chim.  ei  Phys.y  i.  37.  ^ 

725.  The  Jiative  Oxides  of  Iron  constitute  a  very  extensive  and  im- 
portant class  of  metallic  ores.  They  vary  in  colour,  depending  upon 
mere  texture  in  some  cases  ;  in  others,  upon  the  degree  of  oxydize- 
ment.  Some  varieties  are  magnetic,  and  those  which  contain  least  oxj" 
gen  are  attracted  by  the  magnet. 

Magnetic  Iron  Ore  is  generally  black,  with  a  slight  metallic  lustre. 
It  occ^irs  massive  and  octoedral.  It  is  oflen  sufficiently  magnetic  to 
lake  upa  needle.  Its  specific  gravity  is  4.5.  It  occurs  chiefly  in  pri- 
mitive countries,  and  is  very  abundant  at  Roslagen  in  Sweden,  where  it 
is  manu^tured  into  a  bar-iron  particularly  esteemed  for  making  steel. 

Another  variety  of  oxide  of  iron  is  called  tron  glance^  and  fnicactow 
iron  oft.  It  is  found  crystallized  of  singular  beauty,  in  the  isle  of  El- 
ba ;  and  occasionally  among  the  volcanic  products  of  Vesuvius  and  the 
Lipan  Islands. 

A  third  variety  is  Hotm^.titey  or  red  iron-stone  ;  it  occurs  in  globular 
and  stalactitic  masses,  having  a  fibrous  and  diverging  structure  In 
this  coontry  it  abounds  near  Ulverstone  in  Lancashire  ;  and  most  of 
our  iron-plate,  and  wire,  is  made  from  it.  Sometimes  it  is  of  a  brown, 
black,  or  ochraceons  colour. 

A  iborth  vatfiety  of  oxide  of  iron,  is  known  under  the  term  of  day- 
iron-stone,  on  account  of  the  quantity  of  argillaceous  earth  with  which 
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it  is  contamioated.  It  is  found  in  masses  of  different  shapes  and  sizes, 
and  gometimes  in  small  rounded  nodules  like  peas.  Some  of  the  glob- 
ular masses  are  called  altiet.  It  is  abundant  in  theicoal  formations  of 
Shropshire,  South  Wales,  Staffordshire  and  Scotland. 

Though  this  is  far  from  the  purest  iron  ore  found  in  this  country,  it' 
ig  the  c£ef  source  of  the  cast  and  bar  iron,  in  ordinary  use.  Its  em- 
ployment is  chiefly  referable  to  the  coal  which  accompanies  it. 

The  essential  part  of  the  process  by  which  these  ores  of  iron  are 
reduced,  consists  in  decomposing  them  by  the  action  of  charcoal  at 
high  temperatures.  The  argillaceous  iron  of  Wales,  Shropshire,  4rc., 
is  first  roasted,  and  then  smelted  with  lime-stone  and  coke :  the  use  of 
the  former  being  to  produce  a  fusible  compound  with  the  clay  of  the 
ore,  by  which  the  latter  is  enabled  to  act  upon  the  oxide,  and  to  reduce 
i\  to  the  metalUc  state. 

726.  The  two  oxides  of  iron  form  distinct  salts  with  the  acids. 
The  salts  containing  the  black  oxide  are  of  a  green  colour,  mostly 

crystallizable,  become  reddish  brown  by  exposure  to  air,  and  their 
solutions  absorb  nitric  oxide  gas  and  become  oi  a  deep  olive  colour. 

The  salts  with  the  brown  oxide  do  not,  with  very  few  exceptions,  crjs- 
tallize :  they  are  brown,  soluble  in  alcohol,  and  do  not  absorb  nitric  oxide. 

The  alcalis  precipitate  hydrated  oxides  from  these  solutions. 

727.  Iron  and  Chlorine  unite  in  two  proportions  ;  the, chloride  may 
be  obtained  by  evaporating  protomMritUe  of  iron  to  dimness,  and  expos- 
ing the  residuum  to  a  red  heat,  out  of  the  contact  of  air.     A  grey  bht- 

« tie  lamellar  substance  is  formed,  consisting  of  one  proportional  of  iron 
and  one  of  chlorine  ;  28  +  36. 

That  the  chlorine  in  the  protochloride  of  iron  is  tc  that  m  the  per- 
chloride  as  1  to  1 .5,  is  shown  by  Dr.  Davy  in  his  valuable  paper  on  the 
chlorides,  {PhiL  Tram.,  1812,  169.)  and  the  equivalent  number  of 
iron,  as  deduced  from  his  analysis,  is  somewhat  above  that  here  adopted. 
It  must  be  confessed  that  the  anomaly  in  the  oxides  and  chlorides  of 
iron  throws  some  difficulty  in  the  way  of  applying  to  them  their  equiva- 
lent numbers,  but  as  the  foundations  of  chemistry  are  purely  experi- 
mental, we  must  not  endeavour  to  do  away  that  difficulty  by  a  theoretical 
substitute.  There  is  a  difference  in  the  relations  of  iron  to  oxygen  ami 
chlorine,  compared  with  its  relation  to  sulphur,  which  does  not  exist 
elsewhere  ;  of  the  cause  of  this  difference  we  are  at  present  ignorant. 

728.  When  iron  wire  is  heated  in  chlorine,  it  bums  with  a  i^  light, 
and  produces  a  compound  which  rises  in  beautiful  brown  scales.  It  is  tbe 
perchloride  ofdron^  and  consists  of  one  proportional  of  iron,  and  one  and 
a  half  of  chlorine ;  28+54.  The  chloride  and  perchloride  of  iron  pro- 
duce protomuriate  and  permuriate  o(  iron  when  acted  upon  by  water. 

729.  Chlorate  of  Iron  has  not  been  examined. 

730.  Muriate  of  Iron. — When  iron  filings  are  dissolved  in  muriatic 
acid,  a  greenish  brown  solution  results,  which  contains  a  mixture  of  the 
protomuriate  and  permuriate. 

73 1 .  Protomuriate  of  Iron  is  best  obtained  by  digesting  black  sulphu- 
ret  of  iron  in  dilute  muriatic  acid  ;  sulphuretted  hydrogen  is  evolved, 
and  a  green  solution  obtained,  which«  filtered  and-  evaporated,  yields 
pale  green  crystals,  very  soluble,  and  of  a  styptic  taste.  This  salt 
abundantly  absorbs  nitric  oxide  gas ;  the  solution  is  of  a  very  deep 
brown  colour ';  when  heated,  red  oxide  of  iron  Ms  and  a  portion  of 
ammonia  is  formed ;  a  great  part  of  the  gas  at  the  same  time  escapes. 

This  salt  may  also  be  obtained  by  dissolving  iron  filings  in  muriatic 
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acid  ezcladed  from  air ;  \mi  the  above  pTO<*.e88  is  preferable,  as  the 
sulphuietted  kydrogen  prevents  any  part  of  the  iron  passing  into  the 
state  of  permuriaie. 

732.  Permuriate  of  /rott  is  femked  by  digesting  the  peroxide  in  mu- 
riatic acid :  it  dissolves  without  the  evolution  of  chlorine,  and  when 
evaporated  to  dryness,  famishes  a  reddish  brown  deliquescent  mass  of 
a  very  astringent  taste,  soluble  both  in  water  and  alcohol.  It  forms  the 
basis  of  the  tinctura  ferri  mttriatis  of  the  London  Pharmacopma. 
Peiinoriate  of  iron  is  also  foirmed  by  exposing  the  protomuriate  to  air ; 
and  by  acting  upon  it  by  nitric  acid.  Exposed  to  heat,  muiiatic  acid* 
chlorine,  and  water  are  evolved,  chloride  of  iron  sublimes,  and  a  por- 
tioQ  of  peroxide  remains  in  the  retort. 

733.  When  mmiate  of  ammonia  ^d  peroxide  of  iron  are  mixed 
and  exposed  to  heat  in  a  proper  subliming  vessel,  a  yellow  sublimate  is 
obtaiued,  which  is  the  ens  venerit  and  Jleres  martiaUs  of  old  pharma- 
tj :  the  ferrum  ammctnuUvm  of  the  preseiit  Phdrmaeapteia ;  it  con- 
sUts  chiefly  of  muriate  of  ammonia,  with  a  small  but  variable  propor- 
tion of  permuriate  of  iron. 

734.  lodint  a%d  Iron  readily  form  a  brown  compound,  fusible  at  a 
red  heat,  and  which,  when  acted  upon  by  water,  forms  a  ^driodate  of 
a  green  colour. 

735.  lodaU  of  Iron  has  not  been  examined. 

736.  The  nitric  acid  dissolves  the  protoxide  and  peroxide  of  iron, 
nnd  produces  a  green  protoniirate  aod  a  red  pemitrate. 

JVitric  acid,  diluted  with  a  very  \\ii\e  water,  acts  violently  on  iron 
and  peroxidizes  it,  a  vast  quantity  of  gas  being  at  the  same  time  gene- 
rated, which  consists  of  a  mixture  of  nitrous  and  nitric  oxides  ;  and  a 
solution  is  formed  of  a  reddish  brown  colour  containing  pemitrate  of 
iron,  and  afibrding  a  brown  precipitate  to  the  alcalis. 

If  the  nitric  acid  be  considerably  diluted,  (sp.  gr.  1.16)  the  action  is 
slow  and  very  little  gas  escapes  ;  the  solution  acquires  an  olive  brown 
colour  from  Uie  nitric  oxide  which  it  contains,  but  exposed  to  the  air 
it  becomes  pale  green  in  consequence  of  the  escape  of  that  gas.  The 
alcalis  produce  a  green  precipitate  in  this  solution  :  it  cannot  be  ob- 
tained in  crystals  by  the  usual  process,  and  passes  into  pemitrate  by 
exposure  to  air. 

737.  Sulphur  and  Jron.— -There  are  two  sulphurets  of  iron :  the 
Hack  sulphurei  is  composed  of  28  iron  +  16  sulphur ;  and  the  yellow 
fu/pWreC,  or  bi»9ulphuret,  of  28  iron  +  32  sulphur.  The  former  com- 
pound is  produced  by  melting  sulphur  with  iron  filings ;  it  exists  in 
nature  under  the  name  of  magnetic  pyrites :  the  bi-sulphurct  is  exclu- 
sively a  natural  product,  very  abundant,  and  called  iron  pyrites, 

Mugneiic  pyrites  is  not  found  crystallized  ;  it  is  generally  brown,  or 
whitish  yellow,  and  is  not  a  common  mineral. 

Common  pyriies  is  found  massive,  and  crystallized  in  a  variety  of 
forma ;  its  primitive  form  is  the  cube.  It  often  occurs  in  nodules. 
Itg  colour  is  different  shades  of  brass  yellow. 

Tliat  the  magnetic  pyrites  contains  just  half  ihe  proportion  of  sul- 
phur ousting  in  the  common  pyrites  was  first  shown  by  Mr.  Hatchett. 
{PkiL  TrawB.,  1804.) 

The  principal  use  of  pyrites  is  in  the  formation  of  green  viiriol^  for 
which  purpose  the  ore  is  gently  roastedand  exposed  to  air  and  moit^ture. 
Some  varieties  are  spontaneously  decomposed,  and  furnish  this  salt. 
Pyrites  has  also  lately  been  used  in  ihe  production  ofsulphuric  acid  (325.) 
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738.  Sulphates  of  Iron. — ^The  salphtiric  acid  with  the  protMide  of 
iron  forma  a  protosulphate  ofiron^  which  ciystallizes  in  green  rhomhoi- 
dal  prisms,  of  a  styptic  taste,  soluble  in  twice  their  weight  of  cold  wsr- 
ter,  and  insoluble  in  alcohol.  This  salt  is  called  copptras  or  green  vit- 
rioly  and  is  oAen  prepared  bj  exposing  roasted  pyrites  to  moisture,  in 
which  case  it  is  impure.  It  is  usually  formed  by  dissolving  iron  filings, 
or  turnings,  in  dilute  sulphuric  acid,  filtering  and  evaporating  the  solu- 
tion, and  setting  it  aside  to  crystallize.  It  is  also  obtained,  perfectly 
free  from  persulphate,  by  acting  upon  sulphuret  of  iron  by  (filute  sul- 
phuric add.  It  consists  of  one  proportional  of  protoxide  =  36+1 
proportional  of  acid  ^s  40,  and  in  its  crystallized  state  contains  seven 
proportionals  of  water  =  63.  Its  solution  absorbs  nitric  oxide  gas,  and 
acquires  a  deep  brown  colour  ;  it  also  absorbs  chlorine,  muriatic  acid 
ia  formed,  and  the  iron  becomes  peroxidized,  so  that  water  is  here  de- 
composed. 

Exposed  to  air  aild  moisture,  the  protosulphate  of  iron^radually  ab- 
sorbs  oxygen,  and  is  partly  converted  into  a  persulphate.  It  may  also 
be  converted  into  persulphate  by  nitric  acid.  M^hen  heated,  it  fuses 
in  its  water  of  crystallization,  and  at  a  high  temperature  evolves  a  mix- 
ture  of  sulphurous  and  sulphuric  acids,  peroxide  of  Iron  remaining  in 
the  vessel :  by  this  process  sulphuric  acid  used  formerly  to  be  prepa* 
red,  and  the  residue  was  known  under  the  niime  o£  capvt  fnortvum  vit- 
rioli  or  eolcotkar.  If  the  green  crystals  of  this  salt  be  exposed  to  a 
temperature  of  about  300**,  they  lose  a  portion  of  water,  and  crumble 
down  into  a  white  powder. 

739.  /Native  Greets  Vitriol  is  frequently  found  associated  with  iron 
pyrites,  being  produced  by  its  decomposition  :  it  occurs  in  several  of 
our  coal  mines. 

740.  Permlphaie  of  Iron  is  obtained  by  dissolving  the  moist  red  ox- 
ide in  dilute  sulphuric  acid ;  it  does  not  crystallize,  but  afibrds,  by 
evaporation,  a  brown  deliquescent  mass,  consisting  of  I  proportional 
of  peroxide  +  1.5  sulphuric  acid,  or  40  oxide  +  60  sulphuric  acid. 
It  is  formed  in  the  mother  waters  of  the  sulphate.  Its  taste  is  bighfy 
astringent,  and  when  dry  it  becomes  white  :  if  in  this  state  it  be  d^est- 
ed  in  hot  sulphuric  acid,  or  if  peroxide  of  iron,  recently  precipitated 
from  the  pemitrate,  be  boiled  with  excess  of  sulphuric  acid,  the  solution 
yields  ocloedral  crystals  nearly  white,  and  of  a  sweetish  styptic  taste  : 
these  are  probably  a  In-penulphaie  of  iron, 

741.  Pkosphuret  of  Iron  may  be  formed  by  dropping  phosphorus  into 
a  crucible  containing  red-hot  iroft  wire  ;  it  is  a  brittle  grey  compound, 
and  acts  upon  the  magnet  Upon  the  subject  of  the  magnetic  qaalities 
of  the  sulphuret  and  phosphuret  of  iron,  the  reader  is  referred  to  Mr. 
Hatchett^s  analysis  of  the  magnetical  pyrites.     (Phil.  Trans.^  1804). 

742.  Phosphates  of  /ron.-^These  are  both  insoluble,  and  may  be 
formed  by  adding  solution  of  phosphate  o(  soda,  to  protosulphate  and 
persulphate  of  iron.  The  jprtAopkosphate  of  iron  is  of  a  pale  blue  co> 
lour ;  the  perphospate  is  white. 

743.  J>fative  Protaphosphate  of  Iron  occurs  in  the  form  of  a  blue  earthy 
powder,  and  also  in  prismatic  ciystals.  The  former  has  sometimes 
improperly  been  termed  fiative  Prussian  Blue^  and  has  been  found  in 
alluvial  soil :  the  latter  occurs  with  iron  pyrites  in  Cornwall. 

744.  Iron  and  Carbon, — The  different  kinds  of  cast  iron  and  of  steel 
contain  more  or  less  carbon,  which  materially  affects  their  properties. 
Tlie  substance  termed  Plumbago,  Graphite^  or  Black  Lead,  is  geDeraJly 
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n^rded  as  a  true  carburet  of  iron :  this  is  not  an  unGommon  mineral^ 
though  ranely  fonnd  of  sufficient  purity  for  the  manufacture  of  pencils : 
at  Borrodale  in  Cumberland*  where  it  occurs  particularly  pure,  it  is  in 
imbedded  masses  in  slate  and  grauwacke :  the  coarser  kinds  and  the 
dust,  are  me\^d  with  sulphur  for  common  carpenters'  pencils :  cruci- 
bles are  sometimes  made  of  it,  and  it  forms  an  ingredient  in  composi- 
tions for  covering  cast-iron,  and  for  diminishing  friction  in  machines. 
\ccordiog  to  M^srs.  Allen  and  Pepys  it  consists  of 
95  carbon 
5  iron 

100 

It  may  here  be  observed,  that  cpnsiderable  difficulty  attends  the  ac- 
curate analysis  of  compounds  of  carbon  and  iron,  in  estimating  the  pro- 
portion  of  the  former ;  this  has  generally  been  indirectly  ejected  by 
ascertaining  the  quantity  of  iron,  and  considering  the  loss  of  weight  as 
carbon,  a  method  obviously  objectionable.  If  the  action  of  dilute  sul- 
phuric acid  be  resorted  to,  a  portion  of  csvrbon  is  carried  off  by  hydro- 
gen ;  the  same  is  the  case  with  muriatic  acid  ;  and  if  nitric  acid  be  used, 
some  carbonic  acid  may  be  formed,  and  artificial  tannin  is  produced. 

Plosabago  is  infusible,  and  bums  with  great  difficulty  :  its  composi- 
tion was  ascertained  by  the  above-mentioned  chemists,  by  exposing  it 
in  the  apparatus  used  for  burning  the  diamond,  to  a  current  of  oxygen 
at  a  red  heat,  and  ascertaining  the  quantity  of  carbonic  acid  and  of  ox- 
ide of  iron  thus  produced. 

745.  CtMrbonic  Jkid  may  be  combined  with  the  protoxide  of  iron,  by 
adding  carbonate  ofpotassa  to  sulphate  of  iron ;  a  green  precipitate  of 
protocarlnmate  of  iron  falls,  which,  exposed  to  air,  becomes  brown^and 
evolves  carbonic  acid.  Solution  of  bi-carbonate  of  potassa  occasions  a 
white  precipitate  with  sulphate  of  iron,  part  of  which  iM  re-dissolved  on 
adding  excess  of  the  carbonated  alcali. 

'746*  Spathose  Iron  Ore  is  a  native  carbonate  of  iron,  containing  a  lit- 
tfe  manganese  and  carbonate  of  lime.  It  occurs  in  Germany,  and  in 
6omG  parts  of  Cornwall,  crystallized  in  imperfect  rhomboids.  Its  co- 
lour is  yellowish,  or  browni^,  gre^ 

747.  When  hydrocyanate  of  potassa  is  added  to  the  solutions  of 
salts  of  iron,  it  occasions  a  bluish  white  precipitate  in  those  containing 
the  protoxide,  and  a  blue  precipitate  in  those  containing  the  peroxide. 
The  Ibnner  precipitate  is  probably  a  ferrocyanate  of  iron,  containing 
the  protoxide  ;  the  latter,  a  ferrocyanate  containing  the  peroxide,  and 
which  Jias  been  long  known  under  t{ie  name  of  Prussian  Blue. 

748.  Prussian  blue  is  usually  prepared  by  the  following  process  : — 
Equal  parts  of  subc«rbonate  of  potassa  and  some  animal  substance, 
«uch  as  dried  blood,  or  horn  shavings,  are  heated  red  hot,  in  a  crucible, 
and  six  or  eight  parts  of  water  are  poured  upon  the  mixture  when  it 
has  quite'cooled.  The  solution  is  filtered  and  found  to  contain  hydro* 
cyanaie  of  potcusa^  along  with  carbonate  of  potassa,  and  some  other  pro- 
ducts. It  is  mixed  with  a  solution  containing  two  parts  of  alum  and  one  of 
sulphate  of  iron  ;  a  precipitate  falls,  at  first  of  a  dingy  green  hue,  but 
whfclH  by  copious  washings  with  very  dilute  muriatic  acid,  acquires  a  fine 
blue  tint,  and  is  called  PrvmanJ3/»6,  having  been  discoveredhy  Diesbach 
a  colour-maker  of  Berlin,  in  1710.  The  first  description  of  the  mode 
of  preparing  it  is  given  by  Woodward  in  the  Phil,  Trans,  for  1724. 

Ia  this  process  the  animal  matter  is  decomposed,  and  resolved  into 
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a  Tarietjf  of  products  arising  from  the  reunion  of  its  ultimate  component 
parts.  The  matter  remaining  in  the  crucible  contains  cyanuret  of  po- 
tassium, and  when  acted  upon  by  water,  hydrocyanateof  potassa,  with 
a  little  carbonic  acid  and  ammonia,  is  formed  in  consequence  of  the  de- 
composition of  a  portion  of  the  water  ;  and  consequently  the  princi- 
pal salts  contained  in  the  washings  of  the  black  matter  remaining  in  the 
crucible  are  carbonate  and  hydrocyanate  of  potassa,  which,  when  ad- 
ded to  a  solution  of  sulphate  of  iron,  form  a  precipitate  of  oxide  and 
ferrocyanate  of  iron  ;  the  former  is  removed  by  the  dilute  muriatic 
acid.  The  aluminous  earth  of  the  alum  gives  a  body  to  the  precipi- 
tate, which  improves  it  as  a  pigment. 

The  above  seems  to  be  the  simplest  view  of  the  formation  and  compo- 
sition of  Prussian  blue  ;  a  variety  of  other  opinions  respecting  its  nature 
have  been  entertained, but  they  require  further  experimental  verificatioD. 

749.  Pure  Prussian  blue,  obtained  by  adding  ferrocyanate  of  potas- 
sa  to  solution  of  persulphate  of  iron,  is  a  tasteless  substance  insoluble 
in  water  and  alcohol.  It  is  not  acted  upon  by  dilute  nitric,  sulphuric  or 
muriatic  acids,  which  renders  it  extremely  improbable  that  it  should  be 
a  hydrocyanate  of  iron,  and  strengthens  the  opinion  of  Mr.  Porrett, 
that  it  u  a  ferroeyanate,  or  a  compound  of  peroxide  of  iron  with  the 
peculiar  acid  mentioned  below  (752),  and  containing  hydrogen,  oxygen, 
iron,  and  cyanogen. 

760.  When  F^ssian  blue  is  boiled  with  potassa  it  is  decomposed ; 
it  loses  its  blue  colour,  oxide  of  iron  is  separated,  and  on  filtering 
and  evaporating  the  solution,  a  triple  salt  is  obtained,  cons^tinf  of  hy- 
drocyanic acid,  potassa,  and  oxide  of  iron  ;  this  has  been  called  triple 
pruisiaie  of  potasMi  and  ferrocyanate  of  pata$sa.  It  is  best  formed  by 
adding  powdered  Prussian  blue,  previously  heated  with  a  dilute  sul- 
phuric acid  composed  of  one  part  of  acid  and  Give  of  water,  and  after- 
wards washed,  to  a  hot  solution  of  potassa,  as  long  as  its  colour  is  de- 
stroyed. This  salt  forms  permanent  yellow  cubic  and  tabular  crystals, 
more  soluble  in  hot  than  cold  water,  insoluble  in  alcohol,  and  of  a  pe- 
culiar taste.  Boiled  with  dilute  sulphuric  or  muriatic  acids,  hydrocy- 
anic acid  is  given  out,  and  a  precipitate  formed  similar  to  that  which  the 
salt  produces  in  a  solution  of  proto-sulphate  of  iron.  It  is  decomposed 
in  a  retort  at  a  red  heat,  hjcdrocyanic  acid  and  ammonia  are  evolved, 
and  the  residue  consists  of  charcoal,  potassa,  and  iron. 

Exposed  to  a  red  heat  in  a  platinum  crucible,  a  brown  mass  is  ob- 
tained, which,  washed  with  water,  deposits  a  grey  cyanuret  of  plati- 
num. The  aqueous  solution  furnishes,  on  evaporation,  hydrocyanate 
of  potat«sa  and  a  large  quantity  of  transparent  colourless  prismatic  cry^> 
tills. — Thbnard,  Traiti,  2d  edit,iii.  528. 

751.  The  ferrocyanates  of  ammonia^  toda^  limej  magnesia^  baryta, 
arid  strorUia^  may  be  obtained  by  boiling  those  alcalis  and  earths  with 
Prussian  blue. 

752.  Mr.  Porrett  (PAif.  Tran5.,  1814.)  considers  the  ferrocyanates 
as  compounds  of  the  respective  bases,  with  an  acid  consisting  of  th« 
elements  of  the  hydrocyanic  acid  united  to  the  protoxide  of  iron. 
This  acid  he  terms  ferrochyazie  act'd,  derived,  from  the  initial  letters  oi 
carbon,  hvdrogen,  and  azote.  He  obtained  this  acid  dissolved  in  wa- 
ter, by  adding  to  a  solution  of  ferrocyanate  of  baryta  just  sulphuric 
acid  euough  to  precipitate  the  baryta.  It  has  a  pale  yellow  colour,  no 
smell,  and  is  decomposed  by  a  gentle  heat  or  strong  light,  in  which 
case  hydrocyanic  acid  i<?  formed;  and  white  hydrdcyanate  of  iron  i* 
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deposited,  which  becomes  blae  by  exposure.  Gay-Lussac,  obserring 
Che  production  of  the  ferrocyaoate  ot  potassa  by  adding  protoxide  of 
iron  to  hydrocyanate  of  potassa,  supposes  that  a  portion  of  the  hydro* 
cyanic  acid  is  decomposed  by  the  oxide,  giving  rise  to  a  compound  of 
cyanuret  of  iron  with  hydrocyanate  of  potassa. 

753.  The  following  table  shows  the  colours  of  the  precipitates  occa- 
sioned by  solution  of  ferrocyanate  of  potassa,  in  different  metallic 
solutions : 


KETAL. 

SOLUTION. 

rttxdHTATS. 

HAROAMESX 

White 

iBOH ;.| 

White  or  palo  blva 

OittD I 

F«nvi«to                                         1 

PrawaahhM 

WHO 1 

Mamte                                                1 

Taltowiib  white 

TIN 1 

White,  than  jaUow  and  bhMb 

rntto ' 

Pal0  7«1tow 

CADMIUM  .  .  . 

jMorimto 

COFPKR  .  .  . 

]PwioMri«te 

iLiUe 

Ditto 

1  Pttnitimto 

I-SAD 

[Nitnto 

1  WUte 

AjrmroirT . . 

1  Tartnto  of  ooliBoaj  and  potaasa         | 

0 

BISMUTH  .  .  . 

TaHrate  of  MmioUi  and  potoMa          | 

0 

COBAI.T 1 

Moriato                                                  1 

Palegreon 

UmAMIUM .  . 

Sripbate                                              I 

Doap  brown 

TfTAHnm  . . 

Doap  bhM  (from  aeid 

Ditto 

NoalnlMlphato 

SapOieoB 

CKBIUM 1 

TCULURIUX  .|                                                             1 

White  oaide 

* 

Ditto 

Anenic  aeid                                          | 

mcKSL  

Mpfaate 

G«y 

MXBCUBT    .  . 

Ditto 

Aeid  penitrate 

Ditto 

Dite 

Whito 

RHODIUM  -  .  . 

1 

1 

PAJLLADIITM  .| 

SILVKR    .... 

1  Nitiate 

Cream  eolour 

GOLD 

1  Mtoiato 

l» 

Fi^ATIKUM  .  . 

1  Nitrato 

1  ToDow 

1 1 
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AH  the  above  precipitates  appear  to  be  ferrocyanates,  for  when 
treated  with  solution  of  potassa,  a  ferrocyaoate  of  potassa  is  obtained. 

754.  Borate  of  Iron  is  of  a  yellow  colour  and  insoluble.  It  is  form- 
ed by  adding  borate  of  soda  to  sulphate  of  iron. 

755.  The  salts  of  iron  are  mostly  soluble  in  water,  and  the  solution 
is  reddish  brown,  or  becomes  so  by  exposure  to  air.  It  affords  abke 
precipitate  with  ferro-cyanate  of  potassa  ;  and  a  black  precipitate  with 
hydrosulphuret  of  ammonia.  Infusion  of  gall-nuts  produces  a  black  or 
deep  purple  precipitate.     The  hydriodic  acid  occasions  no  change. 

756.  Of  thevdloys  of  iron,  tin-plate  is  the  only  one  of  consequence. 
It  is  made  by  dipping  clean  iron  plates  into  melted  tin.  The  process 
is  described  at  length  by  Mr.  Parkes.  (Quarterly  Journal^  Vol.  viii. 
141.)  When  tin-plate  is  washed  over  wiu  a  weak  acid,  the  crystalline 
texture  of  the  tin  becomes  beautifully  evident,  forming  an  appearance 
which  has  been  called  moiri  metalltque, — Quarterly  Journal  of  Science, 
Vol.  Y.  p.  368. 

757.  An  extremely  important  part  of  the  chemical  history  of  iron  re- 
lates to  the  varieties  of  the  metal  which  are  found  in  commerce.  These 
are  much  too  numerous  to  be  dwelt  upon  here ;  so  that  we  shall  limit 
our  observations  to  the  principal  of  them  only,  which  are  catt  iron, 
wrought  iron,  and  steel. 

Of  cast  iron  there  are  two  principal  varieties  distinguished  by  the 
terms  vhito  aftd  grey.  The  first  is  very  hard  and  brittle,  and,  when 
broken,  of  a  radiated  texture.  Acids  act  upon  it  but  slowly,  and  exhi- 
bit a  texture  composed  of  a  congeries  of  plates,  aggr^;ated  in  various 
positions.^-DAiciELL,  Quarterly  Journal  of  Science  andArti,  Vol.  ii.  p. 
280. 

Grey-or  mottled  iron  is  softer  and  less  brittle  ;  it  may  be  bored,  and 
turned  in  the  lathe.  When  immersed  in  dilute  muriatic  acid,  it  affords 
a  lai^  quantity  of  black  insoluble  matter,  which  Mr.  Daniell  considers 
as  a  triple  compound  of  carbon,  iron,  and  silicium,  and  which  has  some 
very  singular  properties.  The  texture  of  the  metal  resembles  bundle? 
of  minute  needles. 

Cast  iron  is  in  this  country  converted  into  wrought  iron  by  a  carious 
process,  cdlled  mudcUing,  The  cast  iron  is  put  into  a  i*everberatory 
fiimace,  and  when  in  fusion  is  stirred,  so  that  every  part  may  be  ex- 
posed to  the  air  and  flamo.  AA«r  a  time  the  mass  heaves,  emits  a  blue 
name,  and  gradually  grows  tough  and  becomes  less  fusible,  and  at  lei^h 
congeals.  In  that  state  it  is  passed  successively  between  rollers,  b} 
which  a  large  quantity  of  extraneous  matter  is  squeezed  out,  and  the 
bars  are  now  malleable.  They  are  cut  into  pieces,  placed  in  parcels  in 
a  very  hot  reverberatory,  and  again  hammered  or  rolled  out  into  bare. 
They  are  thus  rendered  more  tough,  flexible,  and  malleable,  but  much 
less  fusible,  and  may  be  considered  as  nearly  pure  iron. 

Analysis  shows  that  cast  iron  contains  oxygen,  carbon,  often  sulphur 
and  phosphorus,  either  silica  or  silicium,  and  it  appears  very  probable 
that  calcium  exists  in  some  of  the  varieties. 

By  the  processes  of  puddling  and  rolling,  these  substances  are  bumetl 
away  or  squeezed  out,  and  thus  malleability  is  conferred  upon  the  me- 
tal by  rendering  it  more  pure.  A  specimen  of  cast  iron  analyzed  by 
Berzelius  afforded  Iron  91.53— Manganese  4.57 — ^Carbon  3.90. 

A  bar  of  wrought  iron,  when  its  texture  is  examined  in  the  mode 
pointed  out  by  Mr.  Daniell,  presents  a  fasciculated  appearance,  the  fi- 
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bres  numing  in  a  parallel  and  unbroken  coarse  tbronghoat  its  length. 
This  structure  may  be  well  seen  by  tearing  a  bar  of  wrought  iron     ' 
asunder. 

768.  Steel  is  a  compound  of  iron  with  carbon,  the  proportions  being 
rariable.  It  combines  the  fusibility  of  cast  with  the  malleability  of 
bar  iron,  and  when  heated  and  suddenly  cooled  it  becomes  very  hard, 
whence  its  superiority  for  the  manufacture  of  cutting  instruments.  If 
kept  for  a  long  time  in  fusion,  it  loses  carbon  and  becomes  pure  iron. 
Iron  is  converted  into  steel  by  a  process  called  cementationj  which 
consists  in  heating  bars  of  the  purest  iron  in  contact  with  charcoal :  it 
absorbs  carbon  and  increases  in  weight,  at  the  same  time  acquiring  a 
UiiUred  surface.  This,  when  drawn  down  into  smaller  bars  and  beaten, 
forms  tilted  steel ;  and  this  broken  up,  heated,  welded,  and  again  drawn 
out  into  bars,  forms  shear  steeL  English  cast  steel  is  prepared  by  fusing 
blistered  steel  with  a  flux  composed  of  carbonaceous  and  yitrifiable  in- 
gredients, casting  it  into  ingots,  and  afterwards,  by  gentle  heating  and 
carefully  hammering,  giving  it  the  form  of  bars. 

759.  Messrs.  Stodaurt  and  Faraday  found,  that  by  intensely  heating 
pure  9teel  with  charcoal  powder,  a  carburet  of  iron,  of  a  dark  grey  do- 
lour, very  brittle  and  Inghly  crystalline,  was  formed,  which  afforded, 
apon  analysis, 

94.36  iron 
5.64  carbon 
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In  this  compound,  which  was  frequently  made  and  aflbrded  the  same 
results  on  analysis,  and  which  therefore  may  be  regarded  as  definite, 
the  proportion  of  carbon  very  far  exceeds  that  in  steel,  so  that  the  lat- 
ter is  probably  a  compound  of  pure  iron  with  a  variable  proportion  of 
the  tme  carburet. 

760.  The  following  table,  drawn  up  by  Mr.  Mushet,  shows  the  quan- 
tities o{  charcoal  which  disappeared  during  the  conversion  of  iron  into 
the  different  subcarburets  of  iron  known  in  commerce. — Phil.  Mag. 
xiii.  .*> 

C1mi«o«1  ibMMbea.  RESULTS. 

tIt  soft  cast  steel 

y|j •  common  cast  steel 

^  the  same,  but  harder 

,1^  the  same  :  too  hard  for  drawing 

^  white  cast  iron 

^  mottied  cast  iron 

jV  black  cast  iron 

When  the  carbon  amounts  to  j^  of  the  whole  mass,  the  hardness  is 
at  a  maximum. 

761.  Wootz  or  Indian  steel  is  truly  valuable  for  the  purpose  of  mak- 
ing e%e  tools.  Its  peculiar  excellence  is  owing  to  combination  with  a 
minute  portion  of  the  earths  alumina  and  silica  ;  or  rather,  perhaps, 
with  the  bases  of  these  earths.  {Quarterly  Journal  of  Science,  vii., 
288.)  Whether  the  earths  are  found  in  the  ore,  or  are  furnished  by 
the  crucible  used  in  making  the  steef,  is  not  certainly  known  ;  nor  is 
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the  Indian  steel-maker  probablj  aware  of  their  presence^  Woetz,  in 
the  state  in  which  it  is  imported,  is  not  fit  to  make  into  fine  cutlery.  It 
requires  a  second  fusion,  by  which  the  whole  mass  is  purified  and  equal* 
iBed,  and  fitted  for  forming  the  finest  edge  instrumehts. 

762.  The  texture  of  steel,  as  exhibited  by  the  action  of  an  acid,  is 
not  fibrous,  but  appears  somewhat  lamellated. 

763.  When  steel  is  heated  to  a  cherry-red  colour,  and  then  plunged 
into  cold  water,  it  becomes  so  extremely  hard  and  brittle,  as  to  be  unfit 
&r  almost  any  practical  purpose.  To  reduce  it  from  this  extreme 
hardness,  is  called  by  the  workmen  tempering^  and  is  effected  by  agaio 
heating  the  steel  to  a  certain  point.  The  surfttce  being  a  httle  bri^t- 
ened  exhibits,  when  heated,  various  colours  which  constantly  change 
as  the  temperature  is  increased,  and  by  these  colours  it  has  been  cus- 
tomary to  judge  of  the  temper  of  the  steel. 

A  more  accurate  as  well  as  convenient  method  is  to  use  a  bath  and 
thermometer  ;  the  bath  may  be  of  mercury,  or  of  the  fusible  naixtiire 
of  lead,  tin,  and  bismuth,  or,  indeed,  of  any  fluid  whose  boiling  point  is 
not  much  under  600*.  Into  this  bath  the  articles  to  be  tempered  are 
put,  together  with  the  bulb  of  a  thermometer  graduated  to  near  the 
boiling  point  of  mercury.  The  corresponding  degrees  at  which  the 
various  colours  appear  are  from  430^  to  600*.  The  first  change  is  it 
about  430*,  but  this  is  too  faint  to  be  distinguished,  except  by  compari- 
son with  another  piece  of  untempered  polished  steel.  At  460*  the  co- 
lour is  straw,  becoming  deeper  as  Uie  temperature  is  increased ;  at  500* 
the  colour  is  brown ;  this  is  followed  by  a  red  tinge  with  streaks  of 
punple,  then  purple,  and  at  nearly  600^  it  is  blue. 

The  degrees  at  which  the  respective  colours  are  produced  being 
thus  known,  it  follows  that  the  workman  has  only  to  heat  the  bath, 
with  its  contents  up  to  the  required  point'  For  example,  suppose  the 
blade  of  a  penknife  (or  one  hundred  of  them)  to  require  tempering  ; 
they  are  sufiered  to  remain  in  the  bath  until  the  mercury  in  the  ther- 
mometer rises  to  460*,  and  no  longer,  that  being  the  heat  at  which  the 
knife  (supposing  it  to  be  made  of  the  best  English  cast  steel)  will  be 
sufficiently  tempered. 

The  advantages  attending  this  method  are  obvious  :  the  heat  is 
eqpailly  applied  to  the  whole  ;  and  the  workman,  instead  of  attendii^  to 
the  colour  of  each  blade,  has  only  to  observe  the  thermometer. 

Some  recent  experiments,  proving  that  steel,  for  certain  uses,  is 
sufficiently  tempered  long  before  it  is  heated  to  produce  any  change  of 
colour,  promise  to  give  additional  value  to  this  process  by  a  thennom- 
eter.  The  knife  edges  attached  to  the  pendulum  described  by  Capt. 
Kater,  PhiL  Trant.,  1818,  p.  38.)  were  forged  by  Mr.  Stodart,  from  a 
piece  of  fine  wootz.  They  were  carefiilly  hardened,  and  tempered  in  the 
bath  at  430-  ;  on  trial  they  were  found  too  soH.  They  were  a  second 
time  hardened,  and  thenheated  to  21£*.  The  intention  was  to  increase 
the  heat  from  that  point,  trying  the  temper  at  the  advance  of  about 
every  ten  degrees.  In  the  present  instance  this  was  not  necessary,  the 
heat  of  boiling  water  proving  to  be  the  exact  point,  at  which  the  knife 
edges  were  admirably  tempered. 

It  is  highly  probable  that  steel,  for  many  uses,  may  be  sufificiently 
tempered  in  a  range  so  extensive,  as  from  212*  to  430®,  and,  by  the 
thermometer,  all  the  intervening  degrees  may  certainly  be  ascertained. 

That  the  colour  produced  on  the  surface  of  heated  steel  is  the  effect 
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of  oiidatioii,  is  proved  from  the  ciicnmstance  that  when  Bteel  is  heated 
and  BoiTered  to  cool  under  mercury  or  oil,  none  of  the  cdoura  appear ; 
nor  do  they  when  it  is  heated  in  hydrogen  or  in  nitrogen. 

764.  Steel  is  improved  by  combination  with  some  other  of  the  me- 
tals, forming  valuable  alloys.  (See  Silver.)  They  seem  to  require 
some  difference  in  treatment  from  the  workman,  particularly  in  tem- 
pering.— Qnarterly  Journal  of  Science,  Vol.  ix.  p.  319. 


Sbctioh  X.    Zinc. 

766.  Zinc  is  found  in  the  state  of  oxide  and  of  sulphuret.  It  may  be 
obtained  pure  by  dissolving  the  zinc  of  commerce  in  dilute  sulphuric 
acid,  and  immersing  a  plate  of  zinc  for  some  hours  in  the  solution,  which 
is  then  filtered,  decomposed  by  carbonate  of  potassa,  and  the  precipi- 
tate ignited  wi^  charcoal  in  an  iron  or  earthen  retort. . 

Common  zinc  generally  contBins  a  portion  of  lead,  copper,  iron, 
traces  of  arsenic  and  manganese,  and  a  little  plumbago :  these  impuri- 
ties remain  in  the  form  of  a  black  powder  when  it  is  dissolved  in  dilute 
sulphuric  acid. 

Ziae  iB  a  bluish  white  metal,  specific  gravity  7,  malleable  at  300^^ 
but  verj  brittle  when  its  temperature  approaches  that  of  fusion,  which 
is  about  680^.  It  is  somewhat  ductile,  but  its  wire  possesses  little  te- 
nacity. 

766.  Oxide  of  Zinc  is  obtained  by  lieating  the  metal  exposed  to  air. 
At  a  red  heat  it  takes  fire,  bums  with  a  bright  flame,  and  is  converted 
into  a  white  flocculent  substance,  formerly  called  pompholix,  nihil  album, 
phUotoipker*i  wool,  ^ndJUmen  of  zinc.  It  consists  of  34  zinc  +  8  oxy- 
gen*. This  oxide  is  white,  tasteless,  and  soluble  in  the  alcalis.  As 
prepared  by  combustion  it  contains  small  particles  of  the  metal,  which 
always  render  it  gritty ;  hence,  for  pharmaceutical  use,  it  is  best  pre- 
pared by  precipitating  solution  of  sulphate  of  zinc  by  ammonia,  and 
washtog  and  drying  the  precipitate.  It  is  sometimes  used  as  a  pigment, 
both  with  oil  and  water ;  and  is  employed  in  medicine  as  a  tonic,  and  as 
an  external  appbcation. 

767.  The  representative  number  of  zinc  was  obtained  by  dissolving 
100  grains  of  pure  zinc  in  nitric  acid,  evaporating  to  dryness  and  keep- 
ing &e  residue  at  a  dull  red  heat  till  it  ceased  to  lose  weight :  122.75 
grains  of  oxide  of  zinc  were  thus  obtained,  and  22.75  :  100  ::  8  :  36.1. 

768.  Chloride  of  Zinc  is  formed  by  heatii^  leaf  zinc  in  chlorine,  or 
by  evaporating  muriate  of  zinc  to  dryness,  and  heating  the  residue  red- 
hot  in  a  glass  tube.  It  is  a  fusible  compound,  very  deliquescent,  and 
produces  a  muriate  of  zinc  by  the  action  of  water.  It  does  not  rise  at 
a  red  heat  in  close  vessels.  It  consists  of  35.5  zinc  +  36  chlorine. 
It  was  formerly  called  huiUer  of  zinc. 

•  This  is  deduced  from  Thomson's  late  experiments  (see  Ann.  Ph.  vol.  17,  for  April  1821) 
as  it  has  been  shown  elsewhere  that  8  and  not  7.5  is  the  representative  number  of  oxy^n, 
i\  fallows  that  33  the  number  deducedfrom  Brand's  data  can  not  be  conect  bat  if  we  merelr 
aabelitnte  8.  for  7.3 ;  zinc  will  be  35  whicli  does  not  tgnt  with  the  coropositioD  by  Tbont- 
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The  attraction  of  zinc  for  chlorine  is  very  great,  and  this  metal  maj 
therefore  often  be  employed  for  separating  chlorine  from  other  combi- 
nations. 

769.  Chlorate  of  Zinc  crystallizes  in  octoedra,  and  is  a  Tery  solu- 
ble salt. 

770.  Muriate  of  Zinc  is  very  soluble  and  difficultly  crystallizable  : 
heated  in  the  air  it  loses  muriatic  acid  and  leaves  oxide  of  zinc  :  in  a 
close  vessel  it  loses  water  and  leaves  chloride  of  zinc. 

771.  Iodine  and  Zinc  readily  combine,  and  produce  a  fusible,  vola- 
tile, and  crystalline  compound,  which,  when  exposed  to  air,  deliques- 
ces into  hydriodate  of  zinc. 

The  iodide  consists  of  34  zinc  +  126  iodine  ;  and  the  hydriodate 
may  be  regarded  as  consisting  of  one  proportional  oxide  of  zinc  =s  42 
+  one  proportional  hydriodic  acid  =  126. 

772.  lodaU  of  Zinc. — When  iodate  of  potassa  is  added  to  solution  of 
sulphate  of  zind,  it  forms  an  insoluble  iodate  of  zinc. 

773.  Mtrate  of  Zinc  is  a  deliquescent  salt,  which  crvstallizes  with 
difficulty  in  four-sided  prisms.  They  are  copiously  soluble  in  water 
and  alcohol,  and  consist  of 

42  oxide 
54  nitric  acid 
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774.  Liquid  ammonia  readily  dissolves  oxide  of  zinc,  and  even  acts 
upon  the  metal.  The  concentrated  solution  of  the  oxide  furnishes 
feathery  crystals  ;  it  is  decomposed  by  the  acids,  and  the  immernon  of 
a  plate  of  copper  causes  a  precipitation  of  part  of  the  zinc,  the  ammo- 
nia, acquiring  at  the  same  time  a  blue  colour. — Ds  Lassone,  Awiuda 
de  Qiimie^  xxxv.  53. 

775.  Sulphuret  of  Zinc  exists  native  under  the  name  of  Blende.  It 
may  be  formed  artificially  by  heating  oxide  of  zinc  with  sulphur,  and 
is  then  of  a  yellow  brown  colour.  It  consists  of  34  zinc  -^  16  sal- 
phur. 

Blende  is  a  brittle  soil  mineral,  of  different  shades  of  brown  and 
black.  Its  primitive  form  is  the  rhomboidal  dodecaedron.  It  usually 
contains  traces  of  iron  and  lead.  It  is  an  abundant  mineral,  and  im- 
portant as  a  source  of  the  pure  metal,  which  is  obtained  by  roasting  the 
ore,  and  afterwards  exposing  it  to  heat  in  proper  distillatory  vessels, 
mixed  with  charcoal  (783).     The  English  miners  call  it  blackjack. 

776.  Hypo9ulphite  of  Zinc  was  formed  long  ago  by  Fonrcroy,  who 
considered  it  as  a  ndphuretted  tnlphite.  He  formed  it  by  digesting  metal- 
lic zinc  in  sulphurous  acid,  sulphuretted  hydrogen  is  disenga^d,  and 
by  gentle  evaporation  crystals  are  obtained,  which  are  to  be  digested 
in  dcohol ;  this  liquid  dissolves  the  hyposulphite,  and  affords  it  in  pris- 
matic crystals.  A  mixture  of  oxide  of  zinc  and  sulphur  treated  by  sul- 
phurous acid  affords  the  same  salt ;  it  is  efflorescent,  and  easily  de- 
composed by  heat.*— FouRCROY,  Systime  des  connois$ances  Ckymiguei,  v. 
380. 

777.  Sulphite  of  Zinc  is  easily  formed  by  dissolving  the  oxide  in  sul- 
phurous acid  ;  it  is  more  easily  crystallizable  than  the  hyposulphite, 
and  is  insoluble  in  alcohol. 

778.  Sulphate  of  Zinc, ^-^The  metal  is  readily  oxidized  and  dissolved 
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by  dilate  sulphuric  acid,  hydrogen  gas  ia  given  off,  and  a  transparent 
colourless  solution  of  sulphate  of  xinc  results,  which,  by  evaporation, 
affords  crystals  in  the  form  of  fpur-sided  prisms,  terminated  by  four- 
sided  pyramids. 

This  salt  is  soluble  in  2.6  parts  of  water  at  60^.  It  consists  of  1 
proportional  of  oxide  =  42+1  proportional  of  acid  =  40.  Its  crys- 
tals contain  7  proportionals  of  water  =  63.  Sulphate  of  zinc  is  pre- 
pared for  the  purposes  of  the  arts  from  the  native  sulphuret,  and  is 
usually  in  the  form  of  a  white  amorphous  mass,  called  white  vitriol, 

Muive  Sulphate  of  Zinc  is  found  at  Holywell  in  Flintshire,  and  in 
other  places  where  the  sulphuret  of  zinc  occurs  ;  it  is  probably  the 
result  of  the  decomposition  of  that  ore. 

779.  Phoiphuret  of  Zinc  is  a  brilliant  lead-coloured  compound. 

780.  Neither  Hypophosphite  nor  Phosphite  of  Zinc  have  been  ex- 
amined. 

781.  Phosphate  of  Zinc  is  not  crystallizable.  It  may  be  obtained 
by  dissolving  zinc  in  phosphoric  acid,  and  evaporation  to  dryness.  A 
phosphate  of  zinc  is  also  precipitated  upon  the  addition  of  phosphate 
of  soda  to  sulphate  of  zinc.  These  salts  have  not  been  precisely  ex- 
amined, but  it  is  probable  there  is  a  phosphate  and  a  bi-phosphate  of 
zinc. 

782.  Carbonate  of  Zinc  occurs  native,  forming  one  of  the  varieties 
of  tbe  mineral  called  ccdamine.  It  may  be  formed  by  adding  carbonate 
of  potassa  to  sulphate  of  zinc.  It  consists  of  42  oxide  of  zinc  +  22 
carbonic  acid  =»  64,     It  ia  white  and  tasteless. 

The  primitive  form  of  calamine,  which  occurs  both  crystallized  and 
massive,  i»  an  obtuse  rhomboid.  It  is  often  ibund  investing  carbonate 
of  lime,  which  has  sometimes  been  decomposed,  and  the  calamine  re- 
mains in  pseudo-crystals.  This  mineral  abounds  in  Somersetshire, 
Flintshire,  and  Derbyshire.  A  beautiful  variety,  coloured  by  carbo- 
nate of  copper,  is  found  at  Matlock.  A  variety  of  calamine,  contain- 
ing siliceous  earth,  is  known  by  the  name  of  electric  calamine^  from  its 
property  of  becoming  electrical  when  gently  heated. 

783.  The  zinc  of  commerce  is  procured  from  the  native  sulphuret 
and  from  calamine  by  the  following  process.  The  ore  is  first  picked 
and  broken  into  small  pieces,  and  then  submitted  to  a  doll  red  heat  in 
a  reverberatory  fnmace,  by  which  carbonic  acid  is  driven  off  from  the 
calamine,  and  sulphur  f^om  the  blende.  It  is  then  washed,  ground, 
and  thoroughly  mixed  with  about  one  eighth  its  weight  of  powdered 
charcoaL  This  mixture  is  put  into  large  earthen  pots,  not  unlike  oil 
jaiB,  six  of  which  are  usually  placed  in  a  circular  furnace  ;  each  pot 
has  an  iron  tube  passing  from  its  lower  part,  through  the  floor  of  the 
ftinuce,  and  dipping  into  water ;  they  are  every  where  else  firmly 
luted :  upon  the  application  of  a  red  heat,  the  metal  distils  through  the 
tube  into  the  water  beneath,  whence  it  is  collected,  melted,  and  cast 
into  cakes. 

764.  Borate  of  Zinc  is  an  insoluble  white  powder. 

786.  Ferrocyanate  of  potassa  produces  a  yellowish  white  precipitate 
in  solutions  of  zinc. 

786.  The  salts  of  zinc  are  mostly  soluble  in  water,  and  the  solutionis 
are  colourless  and  transparent :  they  are  not  precipitated  by  hydriodjr 
acid.  Potassa,  soda,  and  ammonia,  form  white  precipitates,  soluble  ifi 
excess  of  the  alcali,  and  sulphuric  acid.    Hydrosulphuret  of  ammoniit 
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produces  a  yellowish  white  precipitate.     The  soluble  phosphates, 
carbonates,  and  borates,  produce  white  precipitates. 

787.  Alhys  of  Zinc. — ^With  potassium  and  sodium  zinc  forms  brittle 
alloys,  decomposable  by  exposure  to  air  and  water,  its  alloy  with 
manganese  is  unknown.  With  iron  it  forms  a  white  and  somewhat  mal- 
leable alloy,  which  is  di£fcult  to  form ;  but  if  plates  of  hot  iron  be  dip- 
ed  into  melted  zinc,  they  acquire  the  appearance  of  tin-plate. 


Section  XI.     I'in, 

788.  This  metal  has  been  known  from  the  remotest  ages,  it  wsv 
in  common  use  in  the  time  of  Moses^  and  was  obtained  at  a  very  early 
period  from  Spain  and  Britain,  by  the  Phoenicians. — Pliny,  lib.  it.  c^ 
34,  and  xxxiv.  cap.  47. 

The  native  oxide  is  the  principal  ore  of  tin ;  the  metal  is  obtaiDed 
by  heating  it  to  redness  wiUi  charcoal.  The  proce^  is  described  at 
length  in  Aikin's  Dictionary^  (Art.  Tin.) 

Tin  has  a  silvery  white  colour  ;  it  is  malieable,  though  sparin^^y 
ductile.  Specific  gravity  1.30.  it  melts  at  440^,  and  by  exposure  to 
heat  and  air  is  gradually  converted  into  a  white  peroxide.  Placed  upoa 
ignited  charcoal  under  a  current  of  oxygen  gas,  it  bums  rerj  bril- 
liantly. 

789.  A  preparation  under  the  name  of  powdered  tin  is  sometimes 
directed  to  be  prepared  for  pharmaceutical  use,  by  shaking  the  melted 
metal  in  a  wooden  box  rubbed  with  chalk  on  the  inside  :  tm  filings  have 
also  a  place  in  some  Pharmacopaiay  and  have  been  used  as  a  vennifoge. 
These  preparations  are,  however,  both  dangerous,  the  metal  being 
render^  poisonous  in  the  former  case  by  sli^t  oxidation,  (Orfila, 
Traiti  dee  Poisons ^  T.  i.  2me  partie,  p.  18.)  and  often  creatmg  reiy 
dangerous  irritation  when  given  in  filings. 

790.  Protoxide  of  Tin  is  obtained  by  precipitating  protomuriate  of 
tin  by  ammonia ;  it  falls  in  the  state  of  hydrate  ;  when  dried,  it  is  sf  a 
grey  colour,  and  undecomposable  by  heat.  It  dissolves  in  the  akalis  \ 
exposed  to  heat  and  air  it  passes  into  the  state  of  peroxide,  undeigaiiig 
a  uint  combustion.  Its  ammoniacal  solution,  when  long  kept,  depoiits 
metalhc  tin  in  arborescent  crystals,  and  becomes  a  solution  of  die  pe- 
roxide. 

791.  Peroxtc^e  of  7\n  is  formed  by  treating  the  metal  with  nitric  acid: 
there  is  a  violent  action  attended  by  the  formation  of  nitrate  of  ammo- 
nia. (287).  Scarcely  any  of  the  metal  is  dissolved,  but  remains  as  a 
yellowish  powder,  which  may  be  purified  by  washiog.  It  is  also  fona- 
ed  by  heating  tin  filings  with  red  oxide  of  mercury  ;  and  by  projectiog 
a  sufficient  quantity  of  nitre  upon  red-hot  tin.  This  oxide  dtssolves  in 
the  alcalis.  Fused  with  ^ass  it  foims  WidU  Enamel.  Heated  inteoselj 
it  becomes  insoluble  in  acids,  and  undeigoes  fusion. 

The  substance  called  Tin  PvUff^  is  an  oibde  of  tin  formed  by  levigat- 
ing the  crusts  of  oxide  that  form  upon  the  metal  when  kept  lor  some 
time  in  fusion. 

792.  Aoltve  Oxide  of  Tin  is  Ibund  in  Cornwall ;  in  Spain ;  and  is 
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Saxony  :  it  has  also  been  found  in  Brittany,  in  France  ;  in  the  East  In- 
dies ;  and  in  South  America.  The  specific  gravity  of  the  nativt  oxide 
is  7  :  Its  primitive  crystal  is  an  obtuse  octoedron,  of  which  the  modifi- 
cations are  extremely  numerous.  fW.  Phillips,  Geological  Transac- 
tions^ Vol.  ii.)  In  some  of  the  vailejs  of  Cornwall,  tin  is  found  in 
rounded  nodules,  of  various  sizes,  mixed  with  pebbles  and  rounded 
fragments  of  rocks.  To  separate  the  tin  from  the  alluvial  matter,  cur- 
rents of  water  are  passed  over  it,  and  hence  these  deposits  have  been 
called  stream  works,  and  the  tin  ore,  stream  tin.  One  of  the  most  ex- 
tensive of  these  is  a  branch  of  Falmouth  Harbour. 

A  modification  of  stream  tin  is  called  wood  tin.  It  usually  appears  in 
small  banded  fragments  of  globular  masses. 

795.  The  number  representing  tin  is  69.  The  protoxide  consists  of 
69  tin  -f  8  oxygen..  The  hydrate  of  67  protoxide  +  9  water ;  and  the 
peroxide  of  59  tin  -f*  16  oxygen.  These  numbers  are  deduced  from 
the  accurate  analyses  of  Dr.  John  Davy  {Phil,  Trans.  1812)  and  M. 
Gay-Lussac.  {Annales  de  Oi{mie\  Ixxx.)  The  protoxide  of  tin,  accord* 
ing  to  both  these  chenusts,  consisting  of  100  tin  +  13.5  oxygen ;  and 
the  chloride,  according  to  John  Davy,  of  100  tin  4*  60.71  chlorine. 

794.  ChloriiU  of  Tin  is  procured  by  heating  together  an  amalgam  of 
tin  and  calomel ;  or  more  simply  by  heating  protomuriate  of  tin  in  a  re- 
tort till  it  fuses  ;  it  is  a  grey  semi-transparent  crystalline  solid,  which 
dissolves  in  water,  forming  a  protomuriate  of  tin  ;  it  is  volatile  at  a  red 
beat ;  it  consists  of  59  tin  -f  36  chlorine.  Heated  in  chlorine  it  bums 
into  perchloride  of  tin. 

795.  If  tin  be  heated  in  chlorine,  or  if  amalgam  of  tin  be  distilled 
with  corrosive  sublimate,  a  perchloride  is  obtained.  The  best  propor- 
tions are  six  parts  of  tin,  previously  combined  with  one  of  mercury,  and 
intimately  mixed  with  thirty  of  corrosive  sublimate.  The  mixture  is 
put  into  a  glass  retort  with  a  sufficiently  capacious  receiver  luted  to  it, 
and  may  de  distilled  over  a  small  charcoal  fire.  The  heat  should  be 
filowly  raised  to  prevent  too  sudden  action.  Towards  the  end  of  the 
process  a  Httle  chloride  rises,  which  the  old  chemists,  from  its  consis- 
tency and  appearance,  called  Butter  of  7Vn.  It  is  a  transparent  colour- 
less fluid,  and  when  poured  into  water,  is  instantly  converted  into  per- 
muriate  of  tin.  It  consists  of  59  tin  +  72  chlorine.  It  was  formerly 
called  Libavius^s  Fuming  Liquor :  it  exhales  copious  fumes  when  ex- 
posed to  a  moist  air,  and  produces  muriatic  acid  and  oxide  of  tin.  It  is 
instantly  decomposed  by  metaUic  zinc,  forming  chloride  of  zinc  and  a 
precipitate  of  metallic  tin. 

796.  Chlorate  of  Tin  has  not  been  examined. 

797.  The  Protomuriate  of  Tin,  used  by  dyers,  may  be  obtained  by 
boilti^  one  part  of  tin  with  two  of  muriatic  acid.  This  solution  quick- 
ly absotbs  oxygen  from  the  air  and  fi'om  s^^eral  compounds,  and  if  ad- 
ded to  certain  metallic  solutions,  revives  or  deoxidizes  them.  With 
solution  of  gold  it  produces  a  purple  precipitate  used  in  painting  porce- 
lain,  and  known  under  the  name  of  Purple  of  Cassius,  It  crystallizes 
from  its  concentrated  solution  in  small  deliquescent  needles.  With 
infusion  of  cochineal  it  produces  a  purple  precipitate.  This  muriate 
of  tin  is  the  &/  Jim*  of  old  writers,  Jupiter  being  the  name  by  which 
the  alchymists  distinguished  this  metal. 

When  potassa  is  added  to  muriate  of  tin,  a  submuriate  of  the  pro- 
toxide is  mrown  down,  containii^v  according  to  J.  Davy., 
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70.4  protoxide 
19      muriatic  acid 
10.6  water 

100.0 

798.  The  PermuriaU  of  Tin  (inuriate  containing  the  peroxide)  xoay 
be  formed  by  dissolving  the  metal  in  nitro-muriatic  acid,  or  by  expos- 
ing the  muriate  to  air.  It  forms  acicular  crystals  in  the  upper  parts  of 
phials  containing  the  bi-chloride  imperfectly  secured  from  air  ;  and  u 
directly  formed  by  adding  water  to  the  bi-chloride,  which  excites  miich 
heat,  and  forms  a  concrete  mass  easily  fusible  and  soluble  in  water.  It 
does  not  occasion  precipitates  in  the  metallic  solutions,  and  produces  a 
scarlet  colour  with  infusion  of  cochineal. 

799.  The  pure  alcalis  added  to  this  salt  of  tin,  occasion  a  precipitate 
which  has  not  been  accurately  examined,  but  is  said  to  be  a  subpemu- 
riaie.  The  peroxide  of  tin  is  more  readily  soluble  in  alcalis  than  the 
protoxide  ;  it  has  been  hence  termed  Sfanntc  Acid, 

800.  Iodide  of  Tin  may  be  formed  directly  by  heating  the  metal  with 
iodine  ;  or  indirectly  by  adding  hydriodic  acid  to  a  solution  of  muriate 
of  tin.     It  is  an  orange-coloured  compound,  and  has  not  been  analyzed. 

801.  lodaU  of  Tin  has  not  been  examined. 

802.  Nitrate  of  Tin  may  be  formed  by  acting  upon  the  metal  by  di- 
lute nitric  acid  ;  a  yellow  solution  which  will  not  crystallize  is  obtain- 
ed ;  exposed  to  air  it  absorbs  oxygen,  and  peroxide  of  tin  precipitates. 
If  evaporated  the  peroxide  falls,  and  a  portion  of  nitrate  of  ammonia  is 
formed.  It  is  evident  therefore  that  part  of  the  water,  as  well  as  of 
the  acid,  are  here  decomposed. 

.  803.  Tin  and  Sulphur. — There  are  two  sulphurets  of  tin.  That  con- 
taining 1  proportional  of  metal  -f-  1  of  sulphur,  may  be  procured  by 
heating  tin  with  sulphur ;  it  is  of  a  deep  bluish  colour  and  crystaUi2e< 
in  long  needles. 

804.  Bi'sulphuret  of  Tin  is  of  a  bright  golden  yellow  colour,  and  flak\ 
structure,  and  has  been  termed  Aurum  Musivum,  It  is  formed  by 
heating  peroxide  of  tin  with  its  weight  of  sulphur.  Mr.  WouUe  has 
given  a  formula  for  its  production,  {Phil,  Trans,,  1771)  but  the  follow- 
ing, taken  from  the  London  New  iMspensatory  of  1765,  answen  best 
Take  12  oz.  of  tin  and  amalgamate  it  with  6  oz.  of  mercury,  reduce  it 
to  powder,  and  mix  it  with  7  oz.  of  flowers  of  sulphur  and  6  oz.  of  sal 
ammoniac  and  put  the  whole  into  a  glass  matrass  placed  in  a  sand  heat. 
Apply  a  gentle  heat  till  the  white  fumes  abate,  then  raise  the  heat  to 
redness,  and  keep  it  so  for  a  due  time.  On  .cooling  and  breaking  the 
matrass,  the  Mosaic  gold  is  found  at  the  bottom. — iSee  Woolfk*s  Paper, 
and  ArxiN's  Diet, :  Art,  Tin. 

The  sulphurets  of  tin  consist  respectively  of  69  tin  +  16  siilphui, 
and  59  tin  +  32  sulphur. 

805.  Hyposulphite  of  Tin,  has  not  been  examined.  Muriate  of  tin 
forms  no  precipitate  with  the  alcaline  hyposulphites. 

806.  Sulphite  of  Tin  is  formed  by  digesting  the  protoxide  in  sulphu- 
rous acid,  but  the  salt  has  not  been  examined. 

807.  Sulphate  of  Tin, — ^Wben  tin  is  boiled  in  sulphuric  acid,  a  solu- 
tion is  obtained  which  deposits  white  acicular  crystals.  A  protosnl- 
phate  of  tin  is  also  precipitated  by  pouring  sulphuric  acid  into  proto- 
muriate  of  tin. 
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808.  HydrMvdphuretted  Oxide  of  Tin  is  yellow  brown,  and  formed 
by  pottring  solation  of  sulphuretted  hydrogen  into  dilute  muriate  of 
tin.  , 

809.  Phosphuret  of  Tin  may  be  formed  by  dropping  phosphorus  into 
melted  tin.  It  is  of  a  silrery  colour,  sectile,  and  somewhat  ductile. 
When  its  filings  are  sprinkled  upon  hot  coals  the  phosphorus  bums. 

810.  Phosphite  of  Tin  has  not  been  examined. 

811.  PhotphaU  of  Tin  is  formed  by  adding  phosphate  of  soda  to  the 
solations  of  tin.  It  is  a  white  powder^  not  soluble  in  water,  and  fuses 
at  a  red  heat  into  an  opaque  white  enamel. 

812.  Carbonate  of  Tin. — ^When  carbonate  of  potassa  is  added  to  pro- 
tomuriate  of  tin,  a  white  precipitate  ensues,  which,  when  washed  and 
dried,  effervesces  copiously  with  the  acids. 

813.  Borate  of  Tin  is  an  insoluble  white  powder. 

814.  Ferrocyanate  of  potassa  produces  a  white  precipitate  in  solu- 
tion of  muriate  of  tin. 

815.  The  salts  of  tin  are  mostly  soluble  in  water.  They  are  pre- 
cipitated, of  ail  orange  colour  by  hydhodic  acid,  and  by  hydrosulphu- 
ret  of  ammonia,  provided  no  excess  of  acid  be  present.  Solution  of 
mtiriate  of  gold,  and  of  corrosive  sublimate  produce  purple  and  black 
precipitates  in  the  salts  of  dn  containing  the  protoxide,  but  none  in  those 
containing  the  peroxide.  *  ^ 

816.  Alloys  of  Tki, — With  potassium  and  sodium  tin  forms  brittle 
fvhite  alioys.  Its  sSloj  with  manganese  is  not  known.  It  does  not  rea-> 
dily  combine  with  iron,  but  tin-plate  (756)  may  be  considered  as  an  im- 
perfect alloy  of  thos^  metals.    With  zinc  it  fbnns  a  hard  brittle  alloy. 
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817.  This  metal  is  contained  in  certain  ores  of  sine,  and  especially 
in  tJ^e  black  fibrous  Blende  of  Bohemia,  It  may  be  procured  by  di- 
gesting the  ore  in  muriatic  acid,  by  which  a  mixed  muriate  of  zinc  and 
cadmium  is*  obtained :  it  should  be  evaporated  to  dryness,  and  re-dis- 
solved in  water.  If  cadmium  be  present,  the  solution  affords  a  bright 
yellow  precipitate  with  sulphuretted  hydrogen  ;  and  upon  immersing 
into  it  a  plate  of  zinc,  metalhc  cadmium  is  precipitated,  which  may  be 
fused  into  a  button  in  the  usual  way. 

The  simplest  method  of  detecting  cadmium  is  the  following,  devised 
by  Dr.  Wollaston.  Digest  the  ore  in  muriatic  acid,  filter,  and  evapo- 
rate to  dryness :  re-dissolve  the  dry  mass  in  water,  filter,  and  fiut  a 
cylinder  of  iron  into  the  clear  solation  to  precipitate  all  metals  thus  se- 
parable ;  filter  again,  and  immerse  a  cylinder  of  zinc,  which  will  throw 
down  metallic  cadmium,  and  which,  when  re-dissolved  in  muriatic  acid 
exhibits  its  peculiar  characters. 

818.  The  physical  properties  of  cadmium  closely  resemble  those  of 
lin  :  its  specific  gravity  is  8.63.  It  fuses  and  volatilizes  at  a  tempera- 
ture a  little  below  that  required  by  tin.  Air  does  not  act  upon  it  ex-. 
rept  when  heated,  when  it  forms  an  orange-coloured  oxide,  not  vola- 
tile, and  easily  reducible. 
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819.  Oxidt  of  Cadmium  readily  dissolves  in  acids  ;  it  is  precipitated 
by  potassa  in  the  state  of  a  white  hydrated  oxide,  soluble  in  ammonia. 
Sulphuretted  hydrogen  forms  a  3'ellow  precipitate  in  the  solution  of 
cadmititD,  and  zinc  throws  down  metallic  cadmium. 

From  the  experiments  of  Mr.  Children,  it  appears  that  the  oxide 
contains 

Cadmium 88 

Oxygen 8 

Consequently,  the  representative  number  of  the  metal  will  be  88. 

The  other  compounds  of  cadmium  have  scarcely  been  examined*. 


Section  XIII.     Copper. 

820.  This  metal  is  found  native,  and  in  various  states  of  conbiiia- 
tion.  Of  its  ores,  the  oxide,  chloride,  sulphuret,  salphate,  phospiiate, 
carbonate,  and  nrseniate,  are  the  most  remarkable.  The  metal  may  be 
obtained  perfectly  pure  by  dissolving  the  copper  of  commerce  ia  laa- 
riatic  acid  ;  the  solution  is  diluted,  and  a  plate  of  iron  is  immersed  upon 
which  the  copper  is  precipitated.  It  may  be  fused  into  a  batton,  after 
having  been  previously  washed  in  dihite  sulphuric  acid  to  separate  a 
little  iron  that  adheres  to  it. 

It  was  known  in  the  early  ages  of  the  world,  and  was  tike  principal 
ingredient  in  domestic  utensils,  and  in  the  instruments  of  war,  previous 
to  the  discovery  of  malleable  iron.  The  word  copper  is  derived  from 
the  island  of  Cyprus,  where  it  was  first  wrought  by  the  Greeks. 

821.  Copper  has  a  fine  red  colour  and  much  brilliancy  ;  it  is  very 
malleable  and  ductile,  and  has  a  peculiar  smell  when  warmed  or  rob^ 
bed.  It  melts  at  a  cherry  red  or  dull  white  heat.  Its  specific  gravity 
is  8.89.  Under  a  flame,  urged  by  oxygen  gas,  it  takes  fire,  and  barns 
with  a  beautiful  green  light 

822.  Exposed  for  a  long  time  to  damp  air,  copper  becomes  coveted 
with  a  thin  greenish  crust  of  carbonate.  If  heated  and  plunged  ii^o  wa- 
ter, a  quantity  of  reddish  scales  separate,  consisting  of  an  imperfect 
oxide.  The  same  scales  fly  off*  during  cooling  from  a  plate  of  the  me- 
tal which  has  been  heated  red  hot. 

823.  NairveCopper  ocCursin  a  variety  of  forms  ;  massive,  dendritic, 
granular,  and  crystallized  in  cubes,  octoedra,  4^c.  It  is  fonxid  in  Com-> 
wall,  Siberia,  Saxony,  Hanover,  Sweden,  and  America  ;  chiefly,  bat 
not  exclusively,  in  primitive  rocks. 

824.  Copper  and  Oxygen. — There  are  two  oxides  of  ci^per.  The 
red  or  Protoxide  occurs  native.  It  may  be  formed  artificially,  by  di- 
gesting a  mixture  of  metallic  copper,  and  peroxide  of  copper,  in  nra- 
riatic  acid.  When  potassa  is  added  to  this  solution,  a  hydrated  protoz- 
ide^  of  an  orange  colour,  falls  ;  if  quickly  dried  out  of  the  contact  of 

♦  In  a  wibtequent  part  of  this  work  Bninde  gives  the  atom  of  Cadnmim  =  S2^  whidi 
H|iiivalent  he  alio  introduces  into  his  teblea,  see  article  CadnHten^  sectioo  xij.  and^the  faUes. 
This  52.3  leqnires  to  be  alleted  to  S5.8  (aeariy)  so  as  to  be  piofiortioiial  to  a  QKTgen,  instes*^ 
0>  7.5. 
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air,  it  becomes  of  a  red  brown :  it  consists  of  64  copper  +  8  oxy- 
gen =  72. 

826.  The  Natvoe  Protoxide^  or  Ru^  Copper ^  is  of  a  red  or  steel-grey 
colour,  soft  and  brittle,  and  occurs  massive,  and  crystallized  in  octoedra^ 
dodecaedra,  and  cubes.  There  is  a  beautiful  variety  in  fine  capillary 
crystals ;  and  another,  which  is  compact  and  earthy,  called  Tile  Ore. 
Cornwall  abounds  in  fine  specimens  of  this  ore. 

8^6>  Peroxide  tf  Copper  is  procured  by  precipitating  nitrate  of  cop" 
per  hj  potassa,  washing  the  precipitate  and  exposing  it  to  a  red  heat, 
it  is  black,  and  consists  of  64  copper  +16  oxygen  ss  80. 

827.  The  composition  of  this  oxide  is  learned  by  dissohiog  100 
grains  of  pure  copper  in  nitric  acid,  ev^N>rating  to  dryness,  and  giving 
the  residue  a  red  heat  in  a  porcelain  crucible  ;  it  is  peroxide  of  chop- 
per, and  weighs  126  grains :  considering  this  as  a  compound  of  1  pro* 
poTtional  of  copper  and  2  of  oxygen,  the  number  64  will  represent  the 
metal ;  for,  25  :   100  :  :  16  :  64. 

iOO  grains  of  pure  natidre  protoxide  of  copper  in  octo^rd  crystals^ 
dissolved  in  muriatic  acid,  fumisfaed  a  precipitate  of  89  grains  of  me* 
tallic  copper  upon  n  pkle  of  iron,  so  that  the  protoxide  consists  of  89 
copper  +  ^^  oxygen;  and  11  :  89  : :  8  :  64.7. 

HThis  number  closely  accords  with  that  derived  from  the  analysis  of 
tbe  chloride. 

688.  Copper  and  Chlorine,r^-4}aaeoQ8  chlorine  acts  upon  i^opper  with 
great  enei^gy,  and  produces  two  chlorides ;  the  one  a  fixed  fosibie  sub- 
stance, which  is  the  protochloiide,  consisting  of  I  proportional  of  cop- 
per 3B  64  +  1  proportional  of  chlorine  ss  36.  The  other  a  volatile 
yellow  substance,  which  is  a  perchloride,  and  contains  64  copper  ^ 
72  chlorine. 

829.  The  Ptotochloride  of  Copper  was  first  described  by  Boyle  in 
1666,  under  the  name  of  Ronn  of  Copper.  It  may  be  obtained  by  ex- 
posing copper  filings  to  the  action  or  chlorine  not  in  excess  ;  or  by 
evaporating  the  protomuriate,  and  heating  the  residue  in  a  vessel  with 
a  rery  small  orifice  ;  or  by  heating  the  perchloride  in  the  same  way. 
It  is  also  the  residue  of  the  distillation  of  a  mixture  of  two  parts  of  cor- 
rosive sublimate  and  one  of  copper  filings.  It  is  insoluble  in  water, 
but  soluble  in  muriatic  acid,  from  which  potassa  throws  down  a  pro'- 
toxide.  When  water  is  added  to  its  muriatic  solution  it  is  precipitated 
unaltered  ;  its  colour  varies,  being  generally  daHc  brown ;  but  if  fused 
and  slowly  cooled,  it  is  yellow,  translucent,  and  crystalline. 

^30.  When  moistened  chloride  of  copper  is  exposed  to  air  it  ae^ 
quires  a  greenish  white  colour,  and  becomes  converted  into  a  Bubper^ 
wnuriaie  of  copper.  The  same  compound  may  be  formed  by  adding  hy- 
Hrated  peroxide  of  copper  to  »  solution  of  the  permuriate  ;  or  by  ex- 
posing to  the  atmosphere  slips  of  copper  partially  immersed  in  muria- 
jric  acid.    This  compound  consists  of 

•    2  proportionds  peroxide  of  copper  80  X  2  =  160. 

1  .—.*——  muriatic  acid 37 

o  _-«-.«__  water 18 
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831.  Perchloride  of  Copper  may  be  formed  by  dissolving  peroxide 
nf  copper  in  muriatic  acid,  and  evaporating  to  dryness  by  a  hdat  below 
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400*.  It  id  soluble  in  water,  producing  a  permuriate,  from  which 
potassa  precipitates  the  peroxide  :  its  colour  is  yellow,  but  it  becomes 
white  and  afterwards  green  when  exposed  to  heat  and  moisture.  Ex- 
posed to  a  red  heat  in  a  tube  with  a  very  small  orifice,  gaseous  chlorine 
is  expelled  and  it  becomes  a  protochloride. 

832.  Muriatic  acid  acts  with  difficulty  on  metallic  copper,  except  it 
be  concentrated  and  boiling ;  but  it  readily  dissolves  the  peroxide, 
forming  a  brown  or  grass-green  solution,  according  to  its  state  of  dihi- 
tion.  This  is  Hpermiuriate  of  copper.  If  plates  of  copper  be  exposed 
to  the  joint  action  of  air  and  the  fumes  of  muriatic  acid,  they  become 
incrusted  with  a  green  powder,  which  is  readily  soluble  in  mnriatic 
acid,  and  which  may  be  termed  a  suhpermuriate.  (830.) 

U  metallic  copper  be  digested  in  muriatic  acid  With  the  peroxide,  an 
olive-coloured  solution  of  protomuriate  of  copper  is  fonned  which 
strongly  attracts  oxygen,  and  which  when  concentrated  deposits  small 
grey  crystals.  The  addition  of  potassa  occasions  a  precipitate  of  the 
orange  ox  protoxide  of  copper,  (824)  which  according  to  Berzebos, 
consists  of  100  copper  -^  12.6  oxygen.  {Annales  de  Oitm.,  hxriii, 
,  107.)  Proust's  analysis  of  the  peroxide  gives  100  copper  +  25  oxygen, 
and  uiese  numbers  furnish  64  as  the  equivalent  of  copper.  (827.) 

633.  M'ative  Submuriate  of  Copper  is  found  in  Peru  and  Chili, 
sometimes  in  the  form  of  green  sand,  and  sometimes  massive  and  crys* 
tallized.  The  green  sand  was  found  in  the  river  Lipas,  iii  the  desert 
of  Atacama,  separating  Peru  from  Chili,  hence  mineralogists  have 
termed  this  variety,  Jkacatnite,  Muriate  of  copper  has  also  been 
found  upon  some  of  the  lavas  of  Vesuvius.  The  pnmitive  form  of 
this  tulMtance  is  an  octoedron.  It  is  of  a  deep  green  colour,  and  con- 
tains, according  to  Dr.  Davy's  analysis, 

73     peroxide  of  copper  ' 
16.2  muriatic  acid 
10.8  water 

100 

834.  Chlorate  of  Copper  is  a  blue-green  deliquescent  salt,  difficultly 
crystalUzable,  formed  by  dissolving  peroxide  of  copper  in  chloric 
acid.  A  piece  of  paper  dipped  into  its  solution  bums  with  a  remark- 
ably green  flame. — Vauqvelin. 

836.  An  Iodide  of  Copper  is  precipitated  from  solutions  of  the  metal 
by  hydriodic  acid.     It  is  brown  and  insoluble. 

836.  When  solution  of  iodate  of  potassa  is  added  to  solutions  of  cop- 
per, an  insoluble  iodate  of  copper  is  thrown  down. 

837.  Nitrate  of  Copper. — ^Nitric  acid,  diluted  with  three  parts  of 
water,  rapidly  peroxidlzes  copper,  evolving  nitric  oxide,  and  forming  a 
bright  blue  solution,  which  affords  deliquescent  prismatic  crystals  oo 
evaporation,  of  a  fine  blue  colour  and  very  caustic.  It  consists  of  80 
peroxide  -f  108  acid  ;  but  the  crystals  contain  a  considerable  portion 
of  water,  which  causes  them  to  Uquefy  at  a  temperature  below  212^. 
At  a  higher  temperature  they  lose  water  and  acid,  and  according  to 
Proust  become  a  sw6  pemitrate,  which  is  insoluble  in  water,  and  entire- 
ly decomposed  at  a  red  heat.  There  appears  to  be  no  protonitrate  of 
copper,  for  protoxide  of  copper,  digested  in  very  dilute  nitric  acid  is 
resolved  into  peroxide  which  dissolves,  and  into  metallic  copper.    Po- 
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tftssa  fonns,  in  this  solation,  a  bulky  blae  precipitate  of  hydrated  per- 
oxide of  coppery  which,  when  boiled  in  potassa  or  soda,  becomes  black 
from  the  loss  of  its  combined  water. 

838.  When  crystals  of  nitrate -of  copper  are  coarsely  powdered, 
sprinkled  with  a  httle  water,  and  quickly  rolled  up  in  a  sheet  of  tiu- 
foily  there  is  great  heat  produced,  nitrous  gas  is  rapidly  evolved,  and 
the  metal  often  takes  fire. 

839.  If  ammonia  be  added  to  solution  of  nitrate  of  copper,  it  occa- 
sions a  precipitate  of  the  hydrated  peroxide  ;  but  if  it  be  added  in  ex- 
cess, the  precipitate  is  re-dissolved,  and  a  triple  ammonio-nitraie  of 
copper  is  produced. 

840.  If  peroxide  of  copper  be  digested  in  ammonia  it  is  dissolved, 
forming  a  bright  blue  solution,  which  by  careful  evaporation  affords 
fine  blue  crystals.  A  mixture  of  lime,  sal  ammoniac,  and  water,  placed 
in  a  copper  vessel,  or  mixed  with  oxide  of  copper,  also  affords  a  fine 
blue  liquor  in  consequence  of  the  action  of  the  ammonia  on  the  oxide 
of  copper.  This  solution  is  the  Aqua  Sapphirina  of  old  pharmacy. 
The  compound  has  sometimes  been  called  Ammoniuret  of  Copper^  or 
Cuprate  of  Jhnmonia . 

841.  The  protoxide  of  copper  also  dissolves  in  ammonia,  but  the  so- 
lution is  colourless ;  if  it  be  exposed  to  air  it  becomes  blue.  This  may 
be  well  shown  by  filling  a  tall  glass  with  liquid  ammonia,  and  adding  a 
few  drops  of  solution  of  protomuriate  of  copper;  the  liquid  presently 
acquires  a  blue  colour  upon  the  surface,  but  remains  for  some  time  co- 
lourless below. 

842.  Plates  of  copper  digested  in  a  solution  of  muriate  of  ammonia, 
are  soon  incrusted  with  a  green  powder,  which  has  been  used  in  the 
arts  under  the  name  of  Brunswick  green, 

843.  Copper  and  Suipkur, — There  are  two  sulphurets  of  copper, 
both  of  which  exist  native ;  the  one  is  black,  and  may  be  formed  arti- 
ficially, by  heating  a  mixture  of  copper  filings  and  sulphur  :  as  soon  as 
the  latter  melts  a  violent  action  ensues,  the  copper  becomes  red  hot, 
hydrogen  escapes,  and  a  black  brittle  body  is  formed,  consisting  of  64 
copper  +16  sulphur*. 

The  bi-ivlphuret  is  a  common  ore  of  copper,  ctlled  pyrites.  It  con- 
sists of  64  copper  +  32  sulphur,  and  is  of  a  golden  yellow  colour. 

844.  The  Native  Black  Sulphuret  of  Copper  is  principally  found  in 
primitire  counties.  In  England,  it  occurs  in  great  beauty,  crystalliz- 
ed and  massive,  in  Cornwall,  and  in  Yorkshire.  Its  colour  is  grey  ;  its 
lustre  shining  and  metallic,  and  it  yields  easily  to  the  knife.  Its  primi- 
tive form  it  a  six-sided  prism,  which  passes  into  the  dodecaedron  with 
triangular  faces,  and  various  modifications  of  it. 

A  variety  of  black  sulphuret  of  copper,  containing  iron  and  arsenic, 
has  been  described  by  Messrs.  W.  and  R.  Phillips.  It  has  been  term- 
ed by  the  latter  Tennantite ;  its  most  ordinary  form  is  the  rhomboidal 
^doca£dron,  either  perfect  or  variously  modified. — Quarterly  Journal 
^Science  and  AriSy  Vol.  vii.,  p.  95. 

845.  Copper  pyrites,  or  the  yellow  sulphuret  of  copper,  is  the  most 
important  and  generally  occurring  ore,  from  which  the  largest  propor- 
tion of  the  copper  of  commerce  is  derived ;  it  occurs  in  a  variety  of 
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forms,  lU  primitive crjstal  being  the  regnlar  tetraedron.  The  ComigJi 
mines  are  very  productive  of  this  ore,  and  it  is  the  principal  product  of 
of  the  Parys  mountain  mine  in  Anglesea.  A  beautifal  iridescent  varie- 
ty occurs  in  the  Ecton  mine  in  Staffordshire. 

846.  The  following  is  an  outline  of  the  process  by  which  these  ores 
of  copper  are  reduced,  as  carried  on  upon  a  very  large  scale  near 
Swansea,  where  the  chief  part  of  the  Cornish  ores  are  brought  to  the 
state  of  metal.  The  ore,  having  been  picked  and  broken,  is  heated  in 
a  teverberatory  furnace,  by  which  arsenic  and  sulphur  are  driven  off. 
It  is  then  transferred  to  a  smaller  reverberatory,  where  it  is  fused,  aod 
the  slag  which  separates,  being  occasionally  removed,  is  cast  into  oblong 
masses  used  as  a  substitute  for  bricks.  The  impure  metal  collected  at 
the  bottom  of  the  furnace  is  granulated  by  letting  it  run  into  water;  it 
ia  afterwards  re-melted  and  granulated  two  or  three  times  successively, 
in  order  further  to  separate  impurities,  which  are  chiefly  sulphur,  iron, 
and  lursenic,  and  ultimately  cast  into  oblong  pieces  called  P^<»  which 
aire  broken  up,  roasted,  and  lastly  melted  with  a  portion  ofcbarcoal  in 
the  refining  furnace.  It  is  now  malleable  :  and  is  generally  rolled  into 
plates,  which  are  annealed,  and  when  hot,  quenched  in  urine,  which 
gives  the  metal  a  peculiar  red  tinge. 

847.  HyptmdpkUt  of  Copper  was  formed  by  Mr.  Herschel  by  mixing 
hyposulphite  of  potassa  with  sulphate  of  copper.  It  is  colourless ;  of 
an  intensely  sweet  taste  ;  and  provided  air  be  excluded,  it  is  not  turned 
blue  by  ammonia,  which  seems  to  show  that  the  metal  is  in  the  state  of 
protoxide. — Edinburgh  Phdlotophical  Journal^  i.  24. 

848.  Sulphite  of  Copper  may  be  obtained  by  passing  sulphurous  acid 
into  water  through  which  oxide  of  copper  is  diffused.  Small  red  crys- 
tals are  formed,  composed  of  protoxide  of  copper  aod  sulphurous  acid. 
-H-CaxvRxviL,  Aiuialee  de  Chimie^  Ixxxiii. 

849.  When  sulphite  of  potassa  is  added  to  nitrate  of  copper  a  preci- 
pitate fells,  which  assumes  the  form  of  red  and  yellow  crystab.    The 


former  are  sulphite  of  copper ;  the  latter  a  tripple  sulpUu  ofpotasta 
I  wkd  eo|a»p<r.-— Chbvrbitil. 
'     860.  Pereulphate  of  Copper— Roman  Vitriol— Blue  Titriot.— This 


salt  is  formed  by  dissolving  peroxide  of  copper  in  snlphoric  acid.  It 
crystallizes  in  rhomboidal  prisms  of  a  fine  blue  colour,  doubly  refrac- 
tive, and  soluble  in  about  4  parts  of  water  at  60^.  It  may  also  be  form- 
ed by  boiling  copper  filings  in  sulphuric,  acid ;  a  process  which  fur- 
nishes abundance  of  sulphurous  acid,  but  which  is  not  generally  had  re- 
course to,  to  produce  sulphate  of  copper.  It  is  Blade  upon  a  large 
scale,  by  eiq>osing  roasted  aulphuret  of  copper  to  air  and  mmsture. 
When  heated  it  loses  water  of  crystallization,  and  at  a  higher  tempera* 
tore  sulphuric  acid  is  evolved,  unmixed  with  sulphurous  acid,  as  in  the 
case  of  the  decomposition  of  protosolphate  of  iron  (738),  and  peroxide 
of  copper  remains.  It  is  the  Vitriol  or  Salt  of  Venus  of  the  alchynoosts. 
It  consists  of  80  peroxide  +  80  sulphuric  acid ;  when  crystallized  it 
contains  10  proportionals  of  water,  and  consequendy  its  compoaitioa 
will  stand  thus  :** 

1  proportional  of  perdxide 80 

2  proportionals  of  sulphuric  acid  .    80 
10  proportionals  of  water  .......    90 
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'rhere  appears  to  be  no  proiosidphate  of  copper,  for  when  protoxide 
of  copper  is  digested  in  dilate  sulphuric  acid,  metallic  copper  is  se- 
parated, and  a  solution  of  the  peroxide  obtained. 

861.  By  cautiously  addiog  auunonia  to  a  solution  of  the  foregoing 
salt,  a  suhsulphate  of  copper  is  precipitated,  consisting  of  160  oxide  + 
40  acid.  The  alcalis  precipitate  hydrated  peroxide  from  the  solution 
of  the  persulphate,  and  excess  of  ammonia  forms  a  triple  stdphaie  of 
ammonia  and  copper.  The  same  compound  is  formed  by  triturating 
carlionate  of  ammonia  irith  crystals  of  sulphate  of  copper.  It  is  the 
cupruiA  ammoniiUum  of  the  Pharmacopcsia. 

852.  Sulphate  of  Copper  and  Potassa  is  a  triple  salt  formed  by  digest- 
ing peroxide  of  copper  in  bisulphate  of  potassa.  It  crystidlizes  in 
rhomboids  of  a  pale  blue  colour. 

853.  Phosphorus  and  Copper  form  a  grey  brittle  phosphuret  It  is 
most  easily  made  by  dropping  pieces  of  phosphorus  on  red-hot  copper 
wire.     It  is  more  hisible  than  copper. 

854.  Neither  the  hypophosphite  nor  phosphite  of  copper  haye  been 
examined. 

855.  Phosphate  of  Copper  may  be  formed  by  mixing  solution  of  sul- 
phate of  copper  with  phosphate  of  soda  ;  it  is  a  bluish  green  insoluble 
powder,  composed,  as  would  appear  from  Mr.  Chenevix's  analysis, 
{PhiL  Trans,.  1803.)  of 

1  proportional  peroxide  of  copper    80 

2  '                     phosphoric  acid  .  .      66 
I  water 9 
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856.  Native  Phosphate  of  Copper  has  been  found  near  Cologne'.  It 
is  of  a  green  colour,  and  mrms  small  rhomboidal  crystals. 

857.  Carbonate  of  Copper,  artificially  .prepared,  by  adding  caibo* 
nate  of  potassa  to  sulphate  of  copper  and  drying  the  precipitate,  is  a 
green  compound,  insoluble  in  water,  consisting,  according  to  Mr.  R. 
PhiUifM,  of  80  peroxide  +  ^^  carbonic  acid  +  9  water.  It  is,  there- 
fore, a  suhpercarbonate.  Copper,  exposed  to  damp  air,  becomes  in- 
crosted  with  this  compound.  Exposed  to  heat,  it  loses  water  and  car- 
bonic acid,  and  leaves  the  peroxide.  In  order  to  heighten  the  green 
tint  for  which  this  compound  is  esteemed  as  a  pigment,  it  should  be  re- 
peatedly washed  with  boiling  water. 

858.  There  is  a  fine  blue  cupreous  preparation,  called  Refiners^  Vet* 
dtter,  principally  made  by  silver  refiners.  It  consists,  according  to 
Mr»  R«  Phillips,  of  3  proportionals  of  oxide,  4  of  carboioic  acid,  and  2 
of  water.  (^Quarterly  Journal  of  Science  and  Arts,  Vol.  iv.  p.  277.) 
There  is  a  very  inferior  pigment,  also  called  Verditer,  which  is  a  mix- 
ture of  suhsulphate  of  copper  and  chalk. 

According  to  Pelletier,  a  good  verditer  may  be  obtained  as  follows  : 
add  a  sufficient  quantity  of  lime  to  nitrate  of  copper  to  throw  down  the 
hydrated  oxide  ;  it  gives  a  greenish  precipitate  that  is  to  be  washed  and 
nearly  dried  upon  a  strainer ;  then  incorporate  with  it  from  8  to  10 
per  ceiU.  of  fresh  lime,  which  will  give  it  a  blue  colour,  and  dry  it  care* 
iuUy. 

859.  According  to  Mr.  Chenevix,  the  alcaline  carbonates  dissolve  a 
portion  of  the  peroxide  of  copper,  and  form  triple  salts. 

li  Is 
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860.  Naiive  Carbonate  of  Copper  is  found  of  a  green  and  blae  colour. 
The  former  j  or  Malachite ^ 'a  found  in  various  forms,  but  never  regular- 
ly crystallized,  the  octoedral  variety  being  a  pseudo-crystal  derived 
from  the  decomposition  of  the  red  oxide.  This  mineral  occurs  in  the 
greatest  beauty  in  the  Uralian  mountains  of  Siberia ;  it  is  rarely  found 
m  Cornwall.  It  is  of  various  shades  of  green,  and  often  cut  into  small 
slabs,  or  used  as  beads  and  broach  stones.  The  pulverulent  variety  has 
been  termed  chryioeolla  and  mountain  green. 

The  blue  carbonate  is  found  in  great  perfection  at  Chessy  near  Lyons; 
also  in  Bohemia,  Saxony,  j^c.  It  occurs  chrystallized  in  rhomboids  and 
imperfect  octoedra  ;  it  adso  is  found  in  small  globular  masses  ;  massive ; 
and  earthy.  The  earthy  variety  is  sometimes  called  copper  azure  or 
mountain  bluM, 

The  Dioptase  or  Emerald  Copper  is  a  very  rare  mineral,  hitherto  (bund 
only  iir  Siberia,  associated  with  malachite.  It  consists,  according  to 
Lowitz,  of  oxide  of  copper,  silica,  and  water. 

861.  Borate  of  Copper.^-SoXviiion  of  borax,  poured  into  sulphate  of 
copper,  produces  a  oulky  pale  green  precipitate  of  borate  of  copper. 

862.  F'errocyanatt  of  Copper  is  a  brown  compound,  obtained  by  add- 
ing ferrocyanate  of  potassa  to  a  dilute  solution  of  sulphate  or  nitrate  of 
copper.  Mr.  Hatchett  has  reconunended  this  substance  as  a  brown 
pigment. 

863.  Many  of  the  alloys  of  copper  are  important.  With  gold  it  fonns 
a  fine  yellow  ductile  compound,  used  for  coin  and  ormuneotal  work. 
Sterling  or  standard  gold  consists  of  1 1  gold  +  1  copper.  The  speci- 
fic gravity  of  this  alloy  is  17.167.  With  silver  it  fonns  a  white  com- 
pound, used  for  plate  and  coin.  Lead  and  copper  require  a  high  red 
jieat  for  union  ;  the  alloy  is  grey  and  brittle. — See  Gold  and  Sih^er. 

Of  the  alloys  of  copper  with  the  preceding  metals  the  most  impor- 
tant are  bra^s  and  bell -metal.  It  forms  white  compounds  with  potas- 
sium and  sodium ;  a  reddish  alloy  with  mai^nese ;  and  a  grey  one 
with  iron. 

864.  Bra$9  is  an  alloy  of  copper  and  zinc.  The  metals  are  usually 
united  by  mixing  granulated  copper  with  calamine  (782)  and  charcoal : 
the  mixture  is  exposed  to  heat  sufficient  to  reduce  the  calamine  and 
melt  the  alloy,  which  is  then  cast  into  plates.  The  relative  proportiona 
of  tlie  two  metals  vary  in  the  different  kinds  of  brass  ;  there  is  nsually 
from  12  to  18  per  cent,  of  zinc.     Brass  is  very  malleable  and  ductile 

•  when  cold  ;  and  its  colour  and  little  liability  to  rust  reconounend  it  in  pre- 
ference to  copper  for  many  purposes  of  the  arts.  According  to  M.  Sage, 
a  very  beautifiil  brass  may  be  made  by  mixing  60  grains  of  oxide  of  cop- 
per, 100  of  calamine,  400  of  black  flux,  and  30  of  charcoal  powder; 
melt  these  in  a  crucible  till  the  blue  flame  is  no  longer  seen  round  the 
cover ;  and,  when  cold,  a  button  of  brass  is  found  at  the  bottom,  of  a 
golden  colour,  and  weighing  one-sixth  more  than  the  pure  copper  ob- 
tained from  the  above  quantity  of  oxide. 

865.  The  analysis  of  brass  may  be  performed  by  solution  in  nitric 
acid  ;  add  considerable  excess  of  solution  of  potassa  and  boil,  which 
will  dissolve  the  oxide  of  zinc  and  leave  that  of  copper ;  wash  the  lat- 
ter, and  dry  and  heat  it  to  redness ;  126  parts  indicate  106  of  copper. 
The  zinc  in  the  filtered  alcaline  solution  may  be  precipitated  by  car- 
bonate of  soda,  having  previously  added  a  small  excess  of  muriatic 
acid  ;  wash  this  precipitate,  dry  it,  and  expose  it  to  a  red  heal ;  it  )& 
then  oxide  of  zinc,  123  parts  of  which  indicate  100  of  metal. 
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866.  Tuienag  is  said  to  be  an  alloy  of  copper,  zinc,  and  a  little  iron ; 
andTom&oc,  Dutch  gdd^  Skmlor^  Prince  RnperVs  meiai,  and  Pinckbecky 
are  alloys  containing  more  copper  than  exists  in  brass,  and  consequent- 
ly made  by  fasing  various  proportions  of  copper  with  brass.  Accord? 
ing  to  Wiegleb,  Manhekn  gold  consists  of  3  parts  of  copper  and  1  of 
zinc.  A  little  tin  is  sometimes  added,  which,  though  it  may  improve 
the  colour,  impairs  the  malleability  of  the  alloy. 

867.  /^)eculum  metal  is  an  alloy  of  copper  and  tin,  with  a  little  arse- 
nic ;  about  6  copper,  2  tin,  1  araenic.  On  this  subject  the  reader  is 
referred  to  Mr.  Edwards^s  experiments. — Nicholsov's  Journal^ 
4to.  iii. 

868.  BcU  metal  and  bronze  are  alloys  of  copper  and  tin  ;  they  are 
harder  and  more  fusible,  but  less  malleable  than  copper  ,-«the  former 
consists  of  3  parts  of  copper  and  1  of  tin  ;  the  latter  of  from  8  to  12  of 
tin  with  100  of  copper.     A  little  zinc  is  added  to  small  shrill  bells. 

868*.  The  analysis  of  alloys  of  tin  and  copper  may  be  performed  by 
digestion  in  nitric  acid,  which  dissolves  the  copper  and  converts  the 
tin  into  insoluble  peroxide,  which,  when  washed  and  dried,  consists  of 
100  tin  +  27  oxygen.  The  cupre6us  solution  may  be  decomposed  by 
potassa,  and  the  pure  peroxide  of  copper  indicates  the  quantity  of  that 
metal,  as  in  the  analysis  of  brass.  (866.) 

869.  Vessels  of  copper  used  for  culinary  purposes  are  usually  coat- 
ed with  tin,  to  prevent  the  food  being  contaminated'  with  copper. 
Their  interior  sodlice  ia  first  cleaned,  then  rubbed  over  with  sal-am 
moniac.  The  vessel  is  then  heated,  a  little  pitch  spread  over  the  sur- 
face, and  a  bit  o£  tin  rubbed  over  it^  which  instantly  unites  with  and 
covers  the  copper. 

869*.  The  cupreous  salts  are  nearly  all  soluble  in  water,  and  of  a 
blue  or  green  coK)ur.  Ammonia  produces  a  compound  of  a  very  deep 
blue,  when  added  in  excess  to  these  solutions  ;  hydrosulphuret  of  am- 
monia forms  a  black  precipitate ;  and  a  plate  of  iron  plunged  into  a 
liquid  salt  of  copper  precipitates  metallic  copper. 

Ferrocyanate  of  potassa  is  also  an  excellent  test  of  the  presence  of 
copper;  it  produces  a  brown  cloud  in  solutions  containing  the  pe- 
roxide. 


Section  XIV.     Lead. 

870.  The  natural  compounds  of  this  metal  are  very  numerous. 
The  most  important  is  the  sulphuret,  from  which  the  pure  metal  isToobtAiop.ure 
chiefly  procured.     Lead  is  also  found  combined  with  carbonic,  sul-  * 
phuric,  phosphoric,  anenic,  molybdic,  and  chromic  acids,  and  with, 
oxygen  and  chlorine.     To  c^tain  lead  perfectly  pore,  it  may  be  dis- 
ftofved  in  nitric  acid  ;  the  solution  evaporated  to  dryness ;  the  dry 
mass  re-dissolved  in  water  and  crystallized ;  these  crystals  heated 
stroi^y  with  charcoal  afibrd  the  metal  quite  pure. 

871.  Lead  appears  to  have  been  known  in  the  earliest  ages  of  thecb^^icte^^of 
world.     Its  colour  is  bluish  white.     It  melts  at  600*' ,  aad  by  the  unit-  ie»a. 
ed  action  of  heat  and  air  is  readily  converted  into  an  oxide.     Its' spe- 
cific gravity  is  11.4.     At  common  temperatures  it  undergoes  little 
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change  by  mere  exposure  to  air,  but  it  is  slowly  corroded  by  the  joint 
agency  of  air  and  water.  Exposed  upon  ignited  charcoal  to  a  current 
of  oxygen  gas,  it  bums  with  a  blue  flame,  throwing  off  dense  yellow 
fumes  of  oxide.     The  alchymists  gave  this  metal  the  name  of  Saium, 

872.  Oxides  of  Lead. — There  are  three  oxides  of  lead.  The  pro- 
toxide  is  the  basis  of  the  salts  ;  it  may  be  obtained  pure  by  heating  the 
nitrate  of  lead  to  redness  in  a  vessel  with  a  small  oritice,till  the  whole 
of  the  acid  is  expelled.  It  is  inaiipid  and  insoluble  in  water,  of  a  pale 
yellow  colour,  and,  when  fused,  crystallizes  on  cooling  in  irregular 
scales.  It  is  volatile  at  a  bright  red  heat,  it  is  very  soluble  in  solu- 
tions of  potassa  and  soda ;  and  when  in  fusion,  it  readily  dissolves  se- 
veral of  the  earthy  bodies,  and  of  the  common  metallic  oxides ;  hence 
the  use  of  lead  in  cupellation.  (886).  If  it  be  considered  as  a  protox- 
ide, consisting  of  one  proportional  of  lead  and  one  of  oxygen,  then  the 
number  104  (deduced  from  the  mean  of  the  best  analyses)  will  repre- 
sent lead,  and  it  will  consist  of  104  L.  +  8  oxygen.  This  oxide  is 
known  in  commerce  under  the  name  of  massicot ;  or  when  vitiified, 
as  obtained  by  calcining  lead  upon  a  large  scale,  it  is  called  lUkutge. 

When  melted  lead  is  exposed  for  a  tii|ie  to  the  air,  it  becomes  io- 
cmsted  with  a  grey  pellicle,  which,  on  removal,  is  succeeded  by  an- 
other, and  so  on  until  the  whole  is  converted  into  a  greenish  grey  pow- 
der, consisting  of  a  niixture  of  the  protoxide  with  metallic  lead. 

873.  If  the  protoxide  be  exposed  to  heat  and  oxygen,  it  gradoallj 
acquires  a  bright  red  colour,  and  is  known  under  the  name  of  miWiffA 
or  detUoxide  of  lead.  This  oxide,  when  exposed  to  nitric  acid,  is  re- 
solved into  protoxide,  which  is  dissolved,  and  into  peroxide^  which  is 
an  insoluble  brown  substance,  consisting  of  104  L.  +  I^  oxygen. 
When  peroxide  of  lead  is  heated  it  gives  out  half  its  oxygen  ai^  be- 
comes yellow  protoxide. 

Minium  affords,  on  analysis  104,  L.  -j-  12  oxygen,  and  m;»y,  therefore, 
be  regarded  as  a  definite  compound  of  the  protoxide  and  peroxide. 

The  minium  or  red  lead  of  commerce  generally  contains  a  propoHlon 
of  protoxide  and  of  sulphate,  with  traces  of  chloride  of  lead  and  silica.  To 
succeed  in  obtaining  it  of  a  fine  red  tint,  it  requires  to  be  manu&ctured 
in  quantities,  and  with  several  precautions.  The  method  employed  in 
Derbyshire  is  described  in  Watsox's  Chemical  Essays^  Vol.  iii.  p.  338. 

874.  A  substance  supposed  to  be  native  minium^  has  been  found  in 
some  of  the  Saxon  and  French  lead  mines,  also  in  Yorkshire. 

873.  Lead  and  Oilorine. — Chloride  of  Lead,  When  laminated  lead  fs 
heated  in  chlorine,  the  gas  is  absorbed,  and  a  chloride  of  lead  result*. 
composed  of  104  L.  +  36  C.  (J.  Davy,  Phil.  Trans.,  1812*)  The  same 
substance  is  obtained  by  adding  muriatic  acid  to  nitrate  of  lead  ;  it  i?* 
white  and  fusible,  and  on  cooling  fbrpis  a  hornlike  substance  [plumbum 
comeum.)  It  volatilizes  at  a  high  temperature.  It  dissolves  in  22 
parts  of  water  at  60®  ;  is  more  soluble  in  boiling  water,  separating,  ai 
•Its  solution  cools,  in  small  acicular  crystals,  unchanged  by  exposore  to 
air,  and  of  a  sweetish  taste.     It  dissolves  in  dilute  nitric  acid, 

876.  This  substaonce  is  sometimes  prepared  by  acting  upon  a  solation 
of  common  salt  bv  litharge  ;  solution  of  soda  and  chloride  of  lead  arc 
formed  ;  the  insolnble  residue  when  fused  is  known  under  the  name 
of  patent  yellow ;  it  appears  to  be  a  compound  of  oxide  and  of  chloride 
of  lead,  for  when  treated  by  nitric  acid,  it  forins  nitrate  of  lead,  and  a 
portion  of  chloride  separates. 
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877.  Native  Odoride  of  Lead  has  been  foand  in  Derbyshire  and  in 
fiaYaria»  crystallized  in  quadrangular  prisms  of  a  greenish  yellow 
colour. 

878.  CkloraUof  Lead  is  obtained  by  digesting  the. protoxide  in  chlo- 
ric acid  ;  it  separates  by  slow  evaporation,  in  white  crystalline  flakes 
of  a  very  sweet  taste.  When  healed  it  gives  out  oxygen  and  becomes 
a  chloride. 

879.  iodide  of  Lead^  formed  by  heating  leaf-lead  with  iodine,  is  a 
yellow  insoluble  compound*  It  is  also  formed  by  adding  bydriodic  acid 
or  hydriodate  of  potassa  to  solution  of  nitrate  of  lead.     It  consists  of 

Iodine  125 
Lead     104 
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880.  An  insoluble  lodate  of  Lead  is  thrown  down  on  adding  iodate  of 
pot«ssa  to  any  of  the  soluble  salts  of  lead. 

881.  Nitrate  of  Lead  is  obtained  by  dissolving  the  metal,  not  in  ex- 
cess, in  dilute  nitric  acid,  and  evaporation.  The  salt  crystallizes  in 
tetraedra  and  octoedra,  which  are  white  translucent,  and  of  a  styptic 
taate.  It  is  sohible  in  8  parts  of  water  at  2 1 2*.  It  consists  of  1 1 2  ox- 
UAe  of  lead  +  54  nitric  acid.  The  alcalis  throw  down  protoxide  of  lead 
from  the  solution  of  this  salt. 

BS2.  Submirate  of  Lead  may  be  formed  by  boiling  a  mixture  of  equal 
weights  of  nitrate  and  protoxide  of  lead  in  water,  filtering  while  hot, 
and  settiog  it  by  to  crystallize  ;  it  forms  pearly  crystals,  of  a  sweet  as- 
tringent ta^te.  (CacvREUiL,  Annates  de  Chimie^  Ixxxii.)  It  consists  of 
two  proportioi^als  oxide  »  224,  +  one  proportional  nitric  acid  «=  64. 

883.  Chevreuil  and  Berzelius  have  described  three  nitrUes  of  lead, 
but  their  composition  appears  doubtful.  (Ann,  de  Qum.^  Ixxxiii.  and 
Ixxxviii.)  A  detailed  account  of  them  is  given  by  Dr.  Thomson. — Sys- 
tem, ii.  678. 

884.  Sulphuret  of  Lead  may  be  formed  artificially  by  fusion.  Its 
lustre 'and  colour  much  resemble  pure  lead,  but  it  is  brittle  :  it  consists 
of  104  lead  -f  16  sulphur. 

885.  Native  Sulphuret  of  Leady  or  Galena,  is  the  principal  source  of 
the  vast  commercial  demands  of  the  metal.  It  occurs  massive  and  crys- 
tallized, chiefly  in  the  plder  secondary  rocks.  Its  primitive  form  is  the  i^i^i.^^, 
cube,  of  which  there  are  several  modifications,  and  among  them  the 
octoedron.  \i  often  contains  traces  of  silver,  and  sometimes  in  such 
quantity  as  to  render  it  worth  separating,  which  is  effected  by  exposing 

the  roasted  sulphuret  to  the  action  of  heat  and  air.  in  shallow  earthen 
dishes  ;  the  lead  becomes  oxidized  and  converted  into  litharge,  while 
the  silver  is  left  pure,  in  consequence  of  its  power  of  resisting  the 
influence  of  heat  and  air.  This  process  is  called  ciipeZ/alton.  The 
iithaige  is  afterwards  reduced  by  fusion  with  charcoal. 

The  reduction  of  galena  upon  a  large  scale  is  a  sufficiently  simple  Redurtion  or ' 
process.  The  picked  ore,  after  having  been  broken  and  washed,  i8t»>««w- 
roasted  in  a  reverberatory  fire,  the  temperature  being  such  as  to  soften 
but  DOt  fuse  it.  Dunne  this  operation  it  is  raked  till  the  fumes  of  sul- 
phur are  dissipated,  when  it  is  brought  into  perfect  fusion  ;  the  lead 
sinks  to  the  bottom,  and  is  run  out  into  oblong  mouMs  called  pit^s  ;  the 
scons  are  a^in  melted»  and  furnish  a  portion  of  le«s  pure  metal. 
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The  mines  of  Great  Britain  afford  an  annual  produce  of  about  480M 
tons  of  smelted  lead,  of  which  nearly  the  whole  is  obtained  from  the 
sulpburet. 
There  is  a  peculiar  varietj  of  gdena,  called  in  Derbyshire  ilieken* 
^i^if^*^^*'  tides ;  and  which,  when  touched  by  the  miner's  pick,  often  splits  asun- 
der with  a  kind  of  explosion. 

886.  Hyposulphite  of  Lead  is  precipitated  in  the  form  of  a  white 
powder,  nearly  insoluble  in  water,  by  adding  solution  of  nitrate  of  lead 
to  hyposulphite  of  potassa.  It  is  composed,  according  to  Herschel,  of 
70.30  protoxide  of  lead  +  29.70  hyposulpfaurous  acid.  These  num- 
bers correspond  to  1  proportional  of  oxide  of  lead  =112  +  2  pro- 
portionals of  hyposulphurous  acid  =  48. 

887.  Sulphite  of  Lead  may  be  obtained  by  digesting  yellow  oxide  of 
lead  in  sulphurous  acid  ;  or  by  adding  sulphurous  acid  or  sulphite  o( 
potassa  to  nitrate  of  lead.  It  is  white,  insoluble,  and  tasteless,  and  con- 
sists of  one  proportional  of  each  of  its  components  ;  namely,  32.suU 
phurous  acid  +112  oxide  of  lead.  When  heated  it  loses  sQ^ptborouf 
acid. 

888.  Sulphate  of  Lead.  When  metallic  lead  is  boiled  in  concentrated 
fulphuric  acid,  sulphurous  acid  is  evolved,  and  a  white  sulphate  of  lead 
is  formed.  It  is  so  nearly  insoluble,  that  it  may  be  formed  by  adding 
dilute  sulphuric  acid,  or  an  alcahne  sulphate,  to  a  solution  of  nitrate  of 
lead.  Dr.  Thomson  found,  that  af^er  having  been  dried  at  a  tempera- 
ture of  400^,  it  might  be  heated  to  redness  in  a  platinum  crucible  with- 
out losing  weight.  Heated  on  charcoal  by  the  blowpipe,  it  is  decon»- 
posed  and  reduced.  It  consists  of  one  proportional  of  sulphuric  acid 
=  40,  and  one  proportional  of  oxide  of  lead  »  1 12  ;  and  its  represen- 
tative number  is  therefore  152.  Sulphate  of  lead  is  iosoluUe  in  alco- 
hol and  in  nitric  acid  :  it  is  sparingly  soluble  in  dilute  sulphuric  acid, 
and  separates  from  it  in  small  prismatic  crystals. 

889.  ^faiive  Sulphate  of  Lead  is  found  in  Anglesea,  and  in  Scotland, 
crystallized  in  prisms  and  in  octoedra. 

890.  Hydrosulphuretted  Oxide  of  Lead  is  of  a  deep  brown  colour, 
md  is  produced  by  adding  sulphuretted  hydrogen,  or  hydrosulpbarel 
of  ammonia,  to  any  solution  of  lead  ;  hence  the  use  of  those  con^ 
pounds  as  tests  of  the  presence  of  lead. 

891.  Phosphuret  of  Lead  may  be  formed  by  dropping  phospboros 
into  melted  lead.     It  is  of  the  colour  of  lead,  and  soon  tarnishes. 

892.  HypophosphiU  of  Lead  has  not  been  examined. 

89d.  Phosphite  of  Lead  was  prepared  by  Benelius  by  mixing  mu- 
riate of  lead  with  phosphite  of  anmionia.  It  is  white,  tasteless,  and 
insoluble,  and  appears  to  consist  of  1  [M'oportional  of  oxide  of  lead  = 
112  +  1  proportional  of  phosphorous  acid  ss  20. 

894.  Phosphate  of  Lead  is  formed  by  mixing  solutions  of  nitrate  of 
lead  and  phosphate  of  soda,  or  phosphoric  add.  It  is  yelhiwish  inaite ; 
insoluble  in  water ;  soluble  in  fixed  alcaline  solutions,  and  in  nitric 
acid.  It  is  decomposed  by  sulphuric  acid,  and  by  hot  muriatic  acid. 
It  fuses  before  the  Uowpipe,  and  crystallizes  on  cooling.  It  consists 
of  1 12  oxide  of  lead  +  28  phosphoric  acid  »  140. 

895.  Berzehus  has  described  Bsubphosphate^  a  superphosphate,  and  a 
nitrophMhate  of  kad.—^twales  de  Oiim.  et  Phys.,  h. 

896.  rfattoe  Phosphate  of  Lead  has  been  found  in  the  mines  of 
Curaberiand,  Durham,  Yorkshire,  and  of  Wanlock  Head,  in  Scotland. 


ALLOYS   OF   LSAD.  247 

Its  colour  is  YarioQS  shades  of  ^een,  yellow,  and  brown.  Its  primitiye 
form  is  a  rhomboid,  bat  it  usually  occurs  in  six-sided  prisms.  It  is 
semi-transparent  and  brittle. 

897.  Carbonate  of  Lead. — When  an  alcaline  carbonate  is  added  tq 
nitrate  of  lead,  a  white  precipitate  of  carbonate  of  lead  611s  :  it  is 
tasteless,  insoluble  in  water,  but  soluble  in  fixed  alcaline  solutions.  It 
is  employed  as  a  white  paint,  under  the  name  of  white  lead  or  cerme, 
and  is  usually  prepared  by  exposing  sheet  lead  to  the  action  of  the  Ta- 
pour  of  vinegar.  The  process  is  described  in  Aikin's  Dictionary^ 
{Art,  Lead.)  It  consists  of  112  oxide  of  lead+  ^^  carbonic  acid  « 
1S4  carbonate  of  lead. 

898.  J^ativt  Carbonate  of  Lead  is  one  of  the  most  beautiful  of  the 
metallic  ores  :  it  occurs  ciystaUized  and  fibrous,  the  former  transpa-  * 
rent,  the  latter  generally  opaque.  It  is  soft  and  brittle,  and  occasion- 
ally tinged  green  with  carbonate  of  copper,  or  grey  by  sulphuret  of 
lead.  The  octoedron  is  its  primitive  form  :  it  also  occurs  prismatic 
and  tabular.  It  has  been  found  in  Cumberland  and  Durham,  and  the 
acicular  variety  of  great  beauty  in  Cornwall. 

899.  Ferrocyanate  of  potassa  produces  a  white  precipitate  when 
added  to  the  soluble  salts  of  lead. 

900.  Borate  of  Lead  is  precipitated  m  the  form  of  a  white  powder, 
ivlten  borate  of  soda  is  mixed  with  nitrate  of  lead. 

901 .  The  soluble  salts  of  lead  have  a  sweetish  austere  taste,  and  are  ^ 
<;haracterieed  by  the  white  precipitate  produced  by  ferrocyanate  of  po*  tbt  sdn  ^f  ' 
tassa,  the  deep  brown  by  hydrosulphuret  of  ammonia,  and  the  yellow'**'' 

by  hydriodate  of  potassa. 

The  salts  insoluble  in  water  are  dissolved  by  soda  and  potassa,  and 
by  nitrio  acid,  when  the  metal  is  rendered  manifest  by  sulphuretted 
hydrogen  and  other  tests.  Heated  by  the  blowpipe  upon  charcoal 
they  afford  a  button  of  metal. 

902.  T/ie  j9i/oy<  o/* Lead  with  the  preceding  metids  are  not  important, 
if  we  except  that  which  it  forms  with  tin.  Common  pewter  consists  c^ 
about  80  parts  of  tin  and  20  of  lead.  Equal  parts  of  lead  and  tin  consti- 
tute pUmheri  eolder;  and  what  is  termed  pot^mttal  is  an  alloy  of  lead 
and  copper. 

903.  In  analyzing  these  alloys,  100  grains  in  filings  may  be  boiled  to 
dryness  in  two  ounces  of  nitric  acid,  water  poured  upon  the  residue, 
and  filtered  ;  the  peroxide  of  tin  remains  iu  the  filter,  and  the  nitrate  of 
lead,  which  passes  through  in  solution,  may  be  converted  into  sulphate 
by  adding  sulphate  of  soda.  162  grains  of  sulphate  of  lead  dried  at  a 
red  heat,  indicate  104  of  metal ;  and  75  grains  of  washed  peroxide  of  tin 
are  ei^uivalent  to  69  grains  of  metallic  tin. 

904.  With  potassium  lead  forms  a  brittle  and  very  fusible  alloy ; 
with  sodium  the  ccmipound  is  equally  brittle  but  less  fusible.  When 
exposed  to  air  these  alloys  suffer  decomposition  in  consequence  of  the 
oxidiseraeat  of  the  alcaline  bases.  The  alloy  of  Lead  and  Manganese 
has  not  been  examined.  When  lead  is  fused  with  iron  two  aUoys  are 
obtained ;  that  at  the  bottom  of  the  crucible  consisting  of  lead  with  a  > 
Stile  iron ;  while  the  superficial  portion  is  iron  with  a  littie  lead  (Guv- 
ton  MoRVBAv^  Mn.  de  CKm.,'  Ivii.)  With  zinc,  lead  forms  a  hard 
ductile  alloy. 
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Section  XV.    Antimony, 

905.  This  metal  0  found  native  in  Sweden,  in  France,  and  in  the 
Hartz  ;  but  its  principal  ore  i%  the  tulpkuret  which  is  Ibond  massive 
and  crystallized,  and  of  which  there  are  several  varieties.  The  most 
common  is  the  radiated^  which  is  of  a  grey  colour,  brittle,  and  frequent- 
ly crystallized  in  four  and  six-sided  prisms.  This  ore  may  be  decom- 
posed, and  the  pure  metal  obtained  from  it,  by  the  following  process: 
Mix  three  parts  of  the  powdered  sulphuret  with  two  of  crude  tartar,  and 
throw  the  mixture  by  spoonfuls  into  a  red-hot  crucible  ;  then  heat  the 

MneiiQa  of  q^^^^  ^^  redness,  and  a  button  will  be  found  at  the  bottom  of  the  crucible, 
which  is  the  metal  as  it  commonly  occurs  in  commerce,  and  is  oearJjr 
pure.  Reduce  this  button  to  fine  powder,  and  dissolve  it  in  nitio-mu- 
riatic  acid  ;  pour  this  solution  into  water,  which  will  occasion  the  pre- 
cipitation of  a  white  powder,  which  is  to  be  washed  and  mixed  with 
twice  its  weight  of  tartar  and  exposed  to  a  dull  red  heat  in  a  crucible. 
The  button  now  obtained  is  pure  antimony. 

906.  Antimony  is  of  a  silvery  white  colour,  brittle,  and  crystalline 
in  its  ordinary  texture*  It  fuses  at  about  800^,  and  is  voktile  at  a  high 
heat.  Its  specific  gravity  is  6.712.  (Hatchett,  Phil.  Tram.y  1803.) 
Placed  upon  ignited  charcoal,  under  a  current  of  oxygen  gis,  antimony 
boms  with  great  brilliancy,  throwing  ofi'its  oxide  in  the  fonn  of  a  dense 
yellow  smoke. 

907.  Antimony  and  Oxygen, — These  bodies  form  two  well-defin.ed 
compounds,  the  history  of  which  is  of  great  importance  to  the  pharma- 
ceutical chemist 

The  Protoxide  of  Antimony  is  thus  obtained :  To  200  iwrta  of  sul- 
phuric acid  add  50  parts  of  powdered  metalhc  antimony,  soil  the  mix- 
ture to  dryness,  wash  the  dry  mass,  first  in  water,  and  then  with  a  weak 
solution  of  carbonate  of  potassa ;  a  white  powder  remains,  which  when 
thoroughly  washed  with  hot  water,  is  Protoxide  of  Antimjony,  It  may 
also  be  procured  by  dissolving  antimony  in  muriatic  acid,  pooling  the 
solution  into  water,  and  washing  the  wlute  precipitate  with  vreA  solu- 
tion of  potassa. 

908.  This  oxide  may  also  be  obtained  by  adding  ammonia  to  solution 
of  tartrate  of  antimony  and  potassa,  heating  the  mixture  and  washii^ 
the  precipitate  in  large  quantities  of  boiling  water.  It  is  thus  procur- 
ed in  the  form  of  a  heavy  white  powder.  This  process  is  directed  is 
the  Pharmacopaia, 

This  protoxide  exists  in  all  the  active  antimonial  preparattoiB ;  in 
emetic  tartar,  kermes,  ^ass  of  antimony  golden  sulphuret,  ^c  It  is 
fusible  and  volatile  at  a  red  heat :  decranposed  by  sulphur  and  charcoal 
and  when  acted  on  by  nitric  acid,  is  converted  into  peroxide.  If  heat- 
ed widi  chlorate  of  potassa  it  deflagrates  and  also  becomes  peroxidiz- 
ed ;  it  is  very  solubk  in  muriatic  acid,  and  readily  forms  emetic  tartar 
when  boiled  in  solution  of  tartrate  of  potassa. 

When  metallic  antimony  in  fusion  is  exposed  to  a  bright  red  heat,  it 
is  converted  into  an  oxide  which  appears  to  be  the  protonde,  and  which 
condenses  in  long  and  delicate  needles  when  sublimed.  It  was  fonoely 
called  atjtentinejhwen  of  atUimowy, 

909.  Peroxide  of  Antimony  is  procured  by  acting  for  a  ccmsidenible 
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time  upon  the  powdered  metal,  by  excess  of  hot  nitric  acid,  and  expos- 
ing the  prodact  to  a  red  heat  The  diapkoreiie  atUimony  and  Bezoar 
nunKral  of  old  Pharmae&jHnfB  consisted  of  this  exide,  which  compared 
with  the  protoxide  is  nearly  inert. 

910.  Peroxide  of  antiraony  is  also  formed  by  exposing  the  metal  or 
the  protoxide  mixed  with  five  or  six  parts  of  nitre  to  a  red  heat,  in  a 
porcelain  crucible,  and  washing  the  residue  with  hot  water.  It  is  yel- 
lowish white,  but  becomes  bufl-G<^nred  when  heated,  and  returns  to 
its  fbrmer  tint  on  cooling.  It  neither  fuses  nor  volatilizes  at  a  bright 
red  heat,  but  when  exposed  to  the  flame  of  a  spirit-lamp  urged  by  a 
blow-pipe,  it  passes  off  slowly  in  white  fumes,  being  partially  reduced 
by  the  hyiatogGa  of  the  flame. 

911.  Berzelhis  (Ann.  de  Chim.^  hnxvi.  225),  has  described  four  ox- 
ides of  antimony ;  but  it  is  probable  that  the  first  and  the  fourth  are  ti0\ 
distinct  comfounde  :  they  are  said  to  be  constituted  in  follows : 

1  Suboxide  consisting  of  100  antimony  +    4.65  oxygen. 
ft  Oxidule 100 -t-  18.60 

3  Wlute  oxide 100 +  27.90 

4  Yellow  oxide 100 +  37.20 


The  two  last  oxides  are  called  by  Bereelius,  Mnom  and  giibie  acids, 
or  aniimoniom  afid  aniimmiie  acids. 

The  second  ami  fiitirth  are  probably  the  oxides  described  in  para- 
grapfaa  908  and  909,  but  ibmt  con^KMition  is  by  do  means  satb&ctorily 
ascdrtaioed. 

91£.  JVdItve  Otidi  of  Antimony  is  occaaionaiSy  found  incrastmg  the 
oativ«  taotal  and  the  sulphuret. 

913.  I  have  found  by  experiment  that  the  oxygen  in  the  protoxide 
(OOS)  k  to  ^at  in  ttie  peroxide  ^909)  as  1  to  2 ;  and  if  we  cohsider 
these  as  the  second  and  fourth  oxide  deiN^ribed  by  Berzelins,  We  obtain 
the  number  40  as  the  rej^reseotaCiTe  of  antimony.  Dr.  John  Daty's 
researches  on  the  cinnposition  of  the  chlorides,  \PhiL  TVaiu.,  1812,) 
give  the  mnober  42.5  as  the  representative  of  antifnony  ;  and  this  near- 
ly agrees  with  my  own  experiments  apon  the  composition  of  the  pro>- 
toxide,  (obtained  by  precipitation  from  emetic  tartar),  which  gi^e  45, 
and  which  I  shall  therefore  adopt. 

The  ^olsixide  of  antimony  will  then  coosiat  of 

Aatimoay  48  +  Oxygen  8  =a56*. 

hsA  the  peroxide  will  be  composed  of 

Antimony  48  +  Oxygen  18  *tt  84.  ^ 

914.  The  aeid  prapettiea  of  peroxide  cff  antimohy  were  long  since 
remarked  by  Thenard^  {Aim,  ds  (%«m.,  xxxtiii.  and  xli.)  and  the  suh* 
jeci  Use  htuAf  been  investigated  by  Berisehus,  who  obtained  it  by  ex- 
^m  nature  of  otMf  patt  of  paWdbre^  antimony  aad  six  of  nitre  to 


«4Sliiii«lilf«ltaradfrW4ShcxdirWbt  aiwo#iidiMltoSiM^  The 

CRat  diicrnaiicj  in  the  resolta  of  diflbeat  Cbenpste  makes  it  impromr  to  offsr  m  a«m. 
%tt  oaatOaktt.  BmmS  gtva  lib  ami  Oie  prefeMace,  altbowh  it  fioe«  not  isreie  #hfc  ^ 
4LS  or  Ur.  IKim^tetfi^  (iaiifti49clcM>ttliU4flxt 
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a  red  heat  Id  a  silver  cmcible  for  an  hoar.  After  washing  off  the  so^ 
loble  matters  by  cold  water,  and  digesting  the  white  powder  which  re- 
mains in  muriatic  acid,  washing  and  drying  it  at  a  red  heat,  it  b  pure 
aniimonic  acidj  and  consists  of  antimony  100,  oxygen  37.2. 

916.  Antimoniait  of  Ammonia  is  formed  by  digesting  the  acid  in  am> 
monia.  On  evaporation  a  niperaitfuiiomale  of  ammonia  is  obtained  in 
the  form  of  a  white  powder. 

916.  AfUimoniate  ofPotaita  is  contained  in  the  white  powder  obtain- 
ed by  igniting  nitre  and  antimony.  (919).  It  dissolves  in  hot  water, 
and  tliis  solution  produces  precipitates  of  insoluble  antimooiates  in  se- 
veral other  metallic  solutions. 

Our  knowledge  of  the  composition  and  properties  of  the  oxides  of 
antimony,  and  of  most  of  their  combinations,  is  still  extremely  imper- 
fect, and  the  whole  subject  requires  further  investigation  before  the 
anomalies  that  now  present  themselves  can  be  cleared  up. 

917.  j9fi^tmofty  and  CMortne  combine  in  one  proportion  only  to  pro- 
duce the  chloride  of  antimony.  The  powdered  metal  takes  fire  when 
thrown  into  the  gas,  and  a  compound,  at  first  liquid,  but  afterwards  con- 
creting, is  formed.  It  may  also  be  produced  by  the  distillation  of  one 
part  of  powdered  antimony  with  two  and  a  half  of  bi-chloride  of  mer- 
cury ;  or  by  dissolving  the  protoxide  of  antimony  in  muriatic  acid,  and 
evaporating  to  dr^ess.  It  consists  of  48  A.  +  36  C.  The  pare  chlo- 
ride is  a  soft  sobd  at  common  temperatures,  but  becomes  liquid  by  a 
gentle  heat,  and  crystallizes  as  it  cools.  It  is  the  Imtter  ofaniimony  of 
old  writers.  It  defiqaesces  by  exposure  to  air;  and  is  a  powerful  caus- 
tic. When  water  is  added  to  the  chloride  of  antimony,  a  mutnal  de- 
composition ensues,  and  hydrated  protoxide  of  antimony,  fonnerly 
called  AUtaroUi^9  powder ^  or  mereuriut  vtte,  and  muriatic  acid  reauH. 

918.  Chlorate  of  Antimony  has  not  been  examined. 

919.  Iodide  of  Antimony  is  of  a  daik  red  colour ;  acted  upon  \ij 
water,  it  produces  hydriodic  acid  and  oxide  of  antimony, 

9S0.  lodate  of  Antimony  is  unknown. 

921.  Nitric  acid  acts  powerfully  on  metallic  antimony,  and  if  miied 
with  it  in  fine  powder,  will  sometimes  cause  its  inflammation.  The 
metal  becomes  peroxidized,  and  scarcely  an  appretiable  portion  is  re- 
tained in  solution.  As  in  some  other  cases  of  the  vehement  decompo- 
sition of  nitric  acid,  ammonia  is  produced,  (287)  which  may  be  render- 
ed  sensible  by  pouring  potassa  on  the  white  magma  that  results. 

Protoxide  of  antimony,  digested  in  dilute  nitric  acid,  produces  a  diffi- 
cultly soluble  salt,  which  separates  in  white  scaly  crystals,  and  which 
appears  to  be  a  nitrate  ofaniimony^  but  I  have  not  particolaiiy  examia- 
edit 

922.  Nitro-muriatic  acid  readily  dissolves  antimony,  and  forms  as 
orange-coloured  solution,  which  is  decomposed  by  Uie  addition  of  wb- 
ter.  Iron  or  zinc  immersed  into  this  solution  throws  down  a  black  pow- 
der, which,  according  to  Thenard,  is  pyrophoric. 

923.  Sidphurtt  of  Antimony  is  easily  formed  by  fusing  the  metal  with 
solphur.  It  consists  of  48  A.  +  16  S.  Its  colour  is  daA  grey  sod 
metallic  Its  specific  gravity  4.36.  It  closely  resembles  the  native 
aulphuret  (906.) 

924.  When  the  native  sulphuret  is  exposed  under  a  muffle  to  a  doll 
red  heat,  it  gradually  loses  sulphor  and  absorbs  oxygen,  being  convert- 
ed into  a  grey  powder,  which  oonaista  of  a  mixture  of  protoxide  of  att- 
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timony  and  solphiiTet  If  the  heat  be  increased,  this  fuses  into  a  trans- 
pirent  sabstance  of  a  yeDow  or  brown  colour,  formerly  caHed  glass  offxuu  of  *■!>■ 
onltiiiony.  Its  composition  is  variable  ;  it  generally  contains  about  85"^^* 
per  cent,  of  protoxide  and  15  of  sulphuret.  In  that  which  is  imported 
for  pharmaceutical  purposes,  firom  Germany  and  Holland,  there  is  usu- 
ally a  portion  of  sUiceous  earth,  and  it  is  sometimes  adulterated  witb 
oxide  of  lead.  This  fraud  ib  easily  detected  by  digesting  the  finely 
powdered  glass  in  hot  nitric  acid,  diluting  the  solution  and  filtering. 
The  filtered  liquor  gires  a  white  precipitate  on  the  addition  of  sulphate 
of*  soda  if  lead  were  present. 

During  the  formation  of  glass  of  antimony,  if  the  heat  be  raised  too 
higli  the  greater  part  of  the  protoxide  sublimes  in  slender  crystalline 
needles ;  while  another  portion,  if  air  be  not  excluded,  passes  into  the 
date  of  peroxide,  and  undergoes  no  change  at  a  yery  high  temperature. 

Compounds  of  the  protoxide  with  larger  quantities  o{  the  sulphuret 
hare  been  termed  M^nm  ofanHmony  or  crocus  metalhrumy  and  liver  of 


985.  Neither  the  HyposulpkUe  nor  the  SulpkUe  of  antimony  are 
known. 

926.  Sulphaie  of  AnHtnowy, — When  sulphuric  acid  is  boiled  upon 
finely-powdered  antimony,  the  metal  is  oxidized,  and  an  acid  tufpfcale 
and  a  submlpfcate  of  aniimony  are  the  results.  In  both  these  salts  the 
nietal  is  in  a  state  of  protoxide.  (907.) 

9S7.  Hfdrosulphuretted  Oxide  of  Antimomy. — This  compound  has 
long  been  known  under  the  name  of  kermes  mineral;  it  is  commonly 
prepared  as  kHomn :  £qnal  parts  of  sulphuret  of  antimony  and  common 
potash  are  fused  together ;  the  resulting  mass  is  finely  powdered  and 
bofled  in  ten  timeff  its  weight  of  water.  The  liquor  is  filtered  while 
hot ;  and,  during  cooling,  it  deposits  kermes.  The  mother  liquor  of 
kennes  deposits  a  <;opious  yellowish  red  precipitate  upon  the  addition^of 
dilute  sulphuric  acid,  which,  when  washed  and  dried,  is  known  under 
the  name  of  goldai  sulphur  of  aniimony.  In  the  Lofubti  PharmoMpcBia 
it  is  called  onttmojut  kklphMreiwmprtecmiaX'wnu 

In  ibnning  these  compounds,  the  foUowing  changes  seem  to  have 
taken  place.  The  sulphuret  of  antimony  and  potassa  act  upon  the  wa- 
ter, a  portion  of  which  is  decomposed  ;  hydrogen  is  transferred  to  the 
akaKne  sulphuret,  to  form  hydrosulphuret  of  potassa  ;  hydrogen  and 
Qxyi^o  unite  to  the  sulphuret  of  antimony,  producing  a  hydrosulphuret-  > 
ted  oxide  of  tlmt  metal  {hermes^y  which  remains  dissolved  in  the  hot  al- 
caline  hydrosulphuret,  and  of  which  one  portion  is  precipitated  as  that 
sohition  cools.  When  dilute  sulphuric  acid  is  added,  the  hydrosulphu- 
ret of  potassa  is  decomposed,  sulphate  of  potassa  is  formed,  and  sulphur 
and  s^huretted  hydrogen  are  Uberated ;  the  sulphur  fidls  in  combina- 
tion wiQi  the  kerm/es;  prancing  the  golden  sulphur^  or  sulphuretted  by-  . 
drosnlphuret. 

9^.  Phospkuret  of  Aniimony  is  formed  by  heating  together  equal  parts 
of  oxide  of  antimony,  phosphoric  acid,  and  charcoal.  It  is  white  and 
ItritHe. 

929,  Nothing  is  known  respecting  either  the  Hypophosphite  or  the 
Pha^MU  of  antimony. 

990.  PhiOsphaU  of  Antimony  has  not  been  formed:  in  the  London 
Pkarmaeopasia  there  is  a  preparation  cMed  pttlvisantimonialis^  formed 
by  heating  one  part  of  sulphuret  of  antimony  with  two  of  hartshorn 
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flhcvingft.  The  action  of  heat  upon  the  snlpharet  h«t  alreadj  beea  te- 
crihed.  (d24.)  its  effect  upon  the  harUhornflhavingB  kid  destftxy  the 
aoi&MJ  matter,  leaving  little  else  than  phosphate  of  iiflne.  So  tiiaA  the 
pmhis  antimoniaH$  covaiiiM  essentially  of  protoxide  of  antimonj,  nuxed 
with  phosphate  of  lime.     This  preparation  is  asoallj  contiderad  analo* 

fDus  to«  if  not  identical  with,  Jamis^i  FowtUrf  which,  aoceidnigto  Dr. 
earson's  analysis  {PhiL  Trans,^  1*791),  consists  of  43  phosphate  of 
iioie,  and  57  oxide  of  antimony. 

^  931.  In  examining  Antimonial  Powder  from  various  sonrcea,  pre- 
pared according  to  the  direction  of  the  Pharmaeopaia^  1  ha^  £>aBd  it 
of  very  variable  composition :  sometimes  it  contaias  peroxide  of  anti- 
mony only ;  sometimes  there  is  a  proportion  of  protoxide,  and  ia  sqbm 
few  cases  the  powder  has  consisted  chiefly  of  hone-earth.  ThiBoedi^ 
ferences  are  referable  to  the  mode  of  preparing  it,  but  in  abnosl  ereiy 
case,  a  very  large  proportion  of  the  protoxide  ia  lost  dnring  the  pta- 
C6S6,  and  1  have  found  it  a  matter  of  gveat  difficoHy  so  to  conduct  it  as 
to  obtain,  upon  the  large  scale,  an  uniform  product.  For  medical  use 
'  I  ahould  consider  emetic  tartar  as  the  onlgr  ceitain  and  neceasary  pre- 
Mods  of  vn-  P^i^^^^^i^  ^^  antimony  ;  if,  however,  a  compound  of  the  nature  of  the 
pwi^aBtS^AntimoAial  Powder  he  requisite,  one  of  the  best  modes  of  pr^nri^it 
aiai  powdM.  ^^uld  be  to  dissolve  certain  proportions  of  pvotoxide  of  aalmioDy 
and  phosphate  of  lime  in  muriatic  acid,  precipitate  by  amnoaia, 
and  edulcorate  with  a  large  quantity  of  water.  Mr.  €henevix  ad» 
vises  for  this  purpose  equal  parts  of  the  oxide  and  ^ospluite,  hutsueh 
proportioo  of  antimony  is  too  great:  T  have  made  an  aseM  Antimoota) 
Powder  by  dissolving  200  grains  of  bone-earth  and  IM  of  pFotoxide  of 
antimony  in  a  measured  ounce  and  a  half  of  muriatic  acid^  and  pooriag 
the  solution  into  a  weak  solution  of  ammooia ;  Ae  pMcipitale,  when 
washed,  dried,  and  reduced  to  a  fine  powder,  weighed  280  grains. 

932.  The  following  method  furnishes,  in  the  dry  way,  a  tolenUy 
uniform  Antimonial  Powder  :  Bum  two  pounds  of  hartshora  to  a  ci». 
der,  reduce  it  to  powder,  and  heat  it  to  a  dull  redness  in  an  iron  pat: 
then  gradually  stir  into  it  one  pound  of  powdered  selphnret  of  anti- 
mony, added  in  successive  portiohe,  and  contiajue  the  seme  heat  as losg 
as  Aimes  arise  ;  when  these  cease  the  mixture  witt  have  a  dirty  grey 
colour,  and  during  the  operation  small  crystals  of  pratoxide  o#  aiiimo« 
ny  will  be  seen  to  collect  upon  its  surfoce  when  a  portion  is  taken  out  in 
an  iron  spoon.  In  this  grey  state  it  should  be  put  into  a  cnictbU  aad 
heated  to  intense  redness ;  a  phosphorescent  hght  of  a  greenish  tint  is 
soon  perceived,  and  when  this  ceases  the  crucible  may  be  removed  * 
trom  the  fire,  and  its  contents  when  cold  reduced  to  a  ine  powder, 
which  should  be  perfectly  white. 

933.  Neither  carbonaUy  hydroeyanate^  nor  h&raie  of  antimony  are 
known  to  exist. 

934.  The  solutions  of  antimony  afford  orange-coloured  precipitates 
with  sulphuretted  hydrogen^  and  those  which  ure  acid  are  precipitated 
^en  largely  diluted  with  water. 

935.  Antiraony  forms  brittle  alloys  with  the  malleable  metals. 
When  gold  was  alloyed  with  y^j^  ^^  weight  of  antimony,  the  coa- 
pound  was  perfectly  brittle  ;  and  even  jthe  fumea  of  antimony  in  the 
vicinity  of  melted  gold  are  suffioient  to  destroy  its  ductility.  (Hatchett, 
Fhil.  TroiM.,  1903.)  With  potassium  and  sodinm  it  forms  wliite  brittle 
compounds,  destructiMe  by  the  action  of  air  and  water. 
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Alloyed  with  le»d  in  the  proportion  of  1  to  16,  and  a  gmall  addition 
of  copper,  antimony  forms  the  alloy  used  for  frinitn^  ^UP**»  With  ^^7** 
lead  only,  a  white  and  rather  brittle  compound  u  formed,  used  lor  the 
plates  upon  which  music  is  engraved.  With  iron  it  forms  a  hard  whit- 
ish alloy  formerly  called  iMr$ial  r^ifuluM^  which  may  be  obtained  by 
fusing  two  parts  of  sul^buret  of  antimony  with  one  of  iron  filings ;  a 
scoria  consisting  chie%  of  fuli^uret  of  iron  is  ibrmed,  and  the  fused 
alloy  beneath  usually  pr^ents  a  dleUated  appearance  in  consequence 
of  its  ciystallization.  Thia  star  was  much  admired  by  tba  alchymiats, 
who  considered  it  a  mysterious  guide  to  transmutation.  With  tin  aa- 
timony  constitutes  a  land  of  jpfwisr,  a  term  however  which  hsa  also 
been  applied  to  some  othw  alloys,  espedaUy  that  of  lead  and  tks* 
(d02.).  The  finest  pewter  oenaists  ot  about  12  parts  of  tin  and  1  of 
antimony,  with  a  amedl  addition  of  cepper*  A  good  white  metal,  used 
for  teapots,  is  composed  of  100  tin,  8  antimmy*  S  Usmnth,  and  2  cap* 
pen 

.  936.  Tba  asnlysai  of  aa  iiiloy  of  tin*  kad,  copper,  aad  aatiaeay^ 
may  be  thus  perfoimed ;  Intraduce  100  grains  into  a  matrass  with  a  * 
wide  meutbt  «ttd  pouor  upon  it  one  eunae  of  water  and  two  of  nitric 
acid  ;  digest  and  evaporate  to  dvynesa.  The  dry  mass  witt  conskt  oi 
the  nitrates  of  lead  and  copper,  which  are  soluble,  and  aiaybe  t»kea 
u^  by  two  oonoes  ^  hot  walteK,  and  of  the  petoxidas  of  tin  and  anii- 
monj,  which  are  insoluble,  and  remain  upon  the  filter. 

To  the  solution  of  the  aitratet  add  sulphate  of  soda,  which  tbrowa 
down  aulphata  of  lead*  and  which  is  to  be  coUected  in  a  filter,  washed^ 
dried  ai  a  red  heat,  and  we^hed.  (86d^)  The  filtered,  hquor  may  bo 
evaporated  to  about  two  oences  in  bulk,  and  having  rendered  it  ali^itly 
add  by  dilnle  aalphurio  acid,  immerse  in  it  a  plate  of  iron,  which  mil 
throw  down  metidlic  copper,  to  be  purified  if  requisite  (820),  dried, 
and  weighed. 

The  separation  of  the  peroxidea  of  tin  and  antimony  is  atteiided  with 
many  difteulties  :  it  may  be  imperfectly  effected  by  soKitioa  in  nitro« 
muriatic  acid,  an^  subsequent  Nation  with  a  large  quantity  of  water, 
which  throws  down  the  antimonial  oxide,  not  however  pure,  but  with 
a  ^rtion  ai  peroude  of  tin  :  the  latter,  retmniag  a  little  peroxide  of 
2usbaKMiy^  naay  he  ptdcuMdby  evaporation  and  ejqpaaure  of  the  reai* 
due  to  a  dull  red  heat  in  a  porcelain  cup. 


SaoTioa  XVI.    BimiOh. 

93T.  This  metal  is  found  native  ;  combined  with  oxygen  ;  aad  with 
arsenic  and  sulphur. 

jVo/tre  Bismuth  occurs  crystallized  in  octoedra  and  cubes,  and  ge^ 
iieraiiy  contains  arsenic  and  sometimes  cobalt.  It  has  been  found  in 
Cornwall,  and  in  Gennaay,  Fraate,  and  Sweden. 

938.  The  metal  may  be  obtained  pare,  by  dissolving  the  bismuth  of 
cemiaerce  in  nitric  acid ;  water  is  added  to  the  niliic  solution,  which 
separates  oxMe  of  bismaft^  Tlaoaaudo  ts  eaed^  re^taead  in  tba  uaual^ 
way. 
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Bismuth  is  a  brittle  white  metal,  with  a  slight  tint  of  red  :  its  specific 
gravity  is  9.822.  (Hatchett,  Phil.  Trans.,  1803.)  It  fuses  at  476*, 
and  alwajB  crystallizes  on  cooling. 

939.  When  bismuth  is  exposed  to  heat  and  air  it  oxidizes,  forming  a 
fusible  VbkiU  oxide.  If  the  heat  be  increased  by  directing  a  current  of 
oxygen  upon  the  metal,  it  bums  with  much  brilliancy,  and  produces  an 
abundant  yellow  smoke,  which  condenses  in  the  form  of  a  yellowish 
white  sublimate.  When  in  fusion  this  oxide  acts  upon  other  oxides 
much  in  the  same  way  as  oxide  of  l^ad.  It  consists  of  72  bismuth  + 
8  oxygen.  It  occurs,  though  veiy  rarely^  ti/otive :  it  has  been  found  in 
Cornwall  and  Saxony. 

940.  Chloride  of  BiifMUh,  is  procured  by  heating  the  metal  in  the 
1^9  or  by  evaporating  the  muriate  to  dryness  and  submitting  the  resi- 
due to  distillation,  when  the  chloride  sublimes,  and  afterwards  deliqnes- 
cet  into  what  was  called  btUter  of  hiinwih.  (J.  Davt,  PhiL  Trams., 
1812.)  It  consists  of  72  bismuth  +  36  chlorine. 

941.  CMoraieof  Biimuth  has  not  been  examined. 

942.  hdideof  Bi$muthy  obtained  by  heating  iodine  with  the  metal« 
it  of  an  orange-colour»  and  insoluble  in  water.  When  hydriodic  acid 
or  hydriodate  of  potassa  is  added  to  nitrate  of  bismuth,  a  predpiCate 
fidls  of  a  deep  chocolate-brown  colour,  insoluble  in  water  but  soluble 
in  liquid  potassa. 

943.  hdaU  of  BiimuthiB  thrown  down  upon  adding  iodate  of  potas- 
sa to  nitrate  of  bismuth. 

944.  Jfiiraie  of  BittntUk. — This  salt  cryytallizes  in  small  ibur-sided 
prisms,  consistii^  of  80  oxide  +  ^  ^^'  It  is  made  hj  dissolriiig  die 
metal  to  saturation  in  two  parts  of  nitric  acid  and  one  of  water :  the 
action  is  rapid,  and  nitric  oxide  is  copiously  evolved.  Ammonia  occa- 
sions a  precipitate  in  nitrate  of  bismuth,  which  is  re-dissolved  by  ex- 
cess of  the  idcali.  Potassa  and  soda  also  throw  down  the  oxide,  which 
is  but  sparingly  soluble  in  those  alcalis. 

945«  Nitrate  of  Bismuth  is  decomposed  by  water,  and  the  oxide  of 
bismuth  is  thrown  down  in  the  form  of  a  fine  white  powder,  called 
magiiUry  of  hismuth,  pearl  white,  or  bkmc  de  fard.  In  this  state  it 
has  been  used  in  mediq^ne  as  a  tonic. — QnuLrterly  Journal,  viii.  295. 

946.  If  characters  be  written  on  paper  with  nitrate  of  bismuth  they 
are  invisible  when  dry,  but  become  white  and  legible  on  immersion  in 
water,  thus  fonning  a  white  sympathetic  ink.  The  same  characters  are 
rendered  brown  or  black  by  solution  of  sulphuretted  hydrogen. 

947.  Sidphuret  of  Bismuth  is  of  a  bluish  colodr  and  metaUic  lustre  ; 
it  consists  of  72  B.  +  16  sulphur.  (J.  Daw,  PhU.  Trans.,  1812.) 
The  compound  analyzed  by  Vauquelm  appears  to  have  been  a  U-atiZ- 
phuret. — Annales  dn  Mueeum,  Tom.  xv. 

948.  Jiative  Stdphuret  of  Bismuth  has  been  found  in  Cornwall,  Bo- 
hemia, Saxony,  and  Sweden.  It  occurs  massive  and^cicular,  its  lus- 
tre is  metallic,  and  its  colour  bluish  grey.    It  is  a  very  rare  mineral. 

949.  Neither  the  Sulphite  nor  the  HyposulphiU  of  Bismuth  hare 
been  examined. 

950.  Sulphate  of  Bismmth  consists  of  80  oxide  +  40  acid ;  it  is  a 
white  compound,  insoluble  in,  but  decomposed  by  water,  which  con- 
veits  it  into  a  subsulphate  and  supersultj^kate. 

961.  HydrosulphuretUd  Oxide  of  Bismuth  is  of  a  deep  brown  ap- 
proaching to  Mack.  It  is  thrown  down  firom  nitrate  of  bismuth  by  sul- 
phuretted hydrogen. 
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952.  Phoiphuret  of  Binnuth  does  not,  according  to  Pelletier,  exinl ; 
at  least)  it  cannot  l>e  foimed  by  the  Qsnal  process. 

963.  Neither  the  kypopho^pkitey  phosphite^  phospkate,  earbonaie, 
ferrocyanatey  nor  borate  of  bismath  hare  been  sufficiently  examined. 

954.  Bismuth  forms  alloys^  some  of  which  are  remarkable  for  their 
fusibility.  With  gold,  platinom,  and  silver,  it  forms  brittle  compounds. 
A  compound  of  eight  parts  of  bismuth,  five  of  lead,  and  three  of  tin^ 
liquefies  at  212*  ;  if  is  called  Sir.  I.  Newton's /iM»6/e  metal.  The  ad- 
dition of  one  part  of  quicksilver  renders  it  yet  more  fusiUe.  Bismuth 
enters  into  the  composition  of  toft  iolders.  These  alloys  are  n^ostly 
white,  brittle,  and  easily  oxydated. 


Section  XVII.    CobaU. 

955.  The  natiye  combinations  of  cobalt  are  the.  oxide,  and  compounds 
of  the  metal  with  iron,  mckel,  arsenic,  and  sulphur.  It  is  also  found 
eombined  with  arsenic  acid.  In  the  white  and  grey  cobalt  ores,  the 
■letal  is  combined  with  iron,  and  with  arsenic  :  Some  of  the  varieties 
are  ciystallized  in  cubes,  octoedrons  and  dodecaedrons.  The  red  ore 
is  an  aneniate.     The  finest  specimens  are  the  produce  of  Saxony. 

9B6.  To  obtain  pare  cobalt,  the  cobalt  of  commerce,  in  fine  powder,  j,^  .  . 
may  be  calcined  with  four  parts  of  nitre,  and  washed  in  hot  water,  by  pm  d^t. 
which  arsenic  is  separated :  then  digest  in  dilute  nitric  acid,  and  im- 
merse a  plate  of  iron,  which  will  separate  the  copper ;  filter  and  eva- 
porate to  dryness ;  digest  the  dry  mass  in  liquid  ammonia  and  filter  | 
expel  the  excess  of  »nmonia  from  the  filtered  liquor  by  heat,  taking 
care  not  to  produce  a  precipitate,  and  then  add  solution  of  potassa, 
which  throws  down  oxide  of  nickel ;  filter  immediately,  and  boil,  which 
will  occasion  the  separation  of  oxide  of  cobalt,  and  which,  ignited  with 
charcoal,  furnishes  the  pure  metal.  In  this  process  the  first  calcination 
with  nitre  often,  requires  two  or  three  repetitions  in  order  to  get  rid  of 
the  whole  of  the  arsenic,  which  adheres  to  cobalt  with  much  obstinacy. 

957.  Cobalt  is  of  a  reddish  grey  colour,  brittle,  and  difiicultly  fusi- 
ble.    Its  specific  gravity  is  7.7.     It  is  magnetic. 

958.  CAait  and  Oxygen  umie  Id  two  proportions.  The  ProtoxicU  U 
fi>nned  by  adding  potassa  to  the  nitrate,  and  drying  the  precipitate ;  it 
appears  very  dark  blue  or  nearly  black.    By  exposure  to  heat  and  air 

~lt  aibsorlM  an  additional  portion  of  oxygen,  and  is  thus  converted  into 
hlackperoxtcie.  The  protoxide,  when  recently  precipitated  and  moist, 
is  bine;  and,  if  left  in  contact  of  water,  becomes  a  red  hydrate.  The 
composition  of  the  protoxide  of  cobalt,  deduced  from  the  analysis  of 
the  chloride  (960)  is  32.5  cobalt  +  8  oxygen  =s  40.5  ;  or  100  cobalt 
+  24.7  oxygen*. 

This  result  is  nearly  the  mean  of  those  published  by  Proust,  {M- 
naUs  de  Ckimiey  Vol.  Ix.)  and  Rothoff,  {Annate  of  Phil,  Vol.  iii.)     It 


i  in  Ufl  last  experiments  (Ann.  Fb.  new  series,  p>  251)  make*  (he  atom  of  Gobali 

*  26.    Tlie  nnmber  given  above  doei  not  agree  with  a  law  which  aeemt  well  established  hf 
ai^die  lonfoing  MMoces,  ?lx.  ^t  all  numheFS  tte  «vm  tnfvrf  when  hydrogen  cb  1. 
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appears  from  the  experiments  of  the  latter  chenust,  that  the  peroxide  of 
cobalt  contaioa  100  metal  +  36.7  oxygen,  wiuch,  in  rderence  to  the 
above  deduction  from  the  chloride,  would  lead  us  to  consider  it  as  con- 
taining one  proportional  of  cobalt  and  one  and  a  half  -of  oxygen.  M 
the  salts  of  cobalt  contain  the  protoxide. 

959.  Cobak  bnms  when  heated  in  chlorine ;  and  forms  chloriie  «f 
cobak.  When  muriate  of  cobalt  is  evaporated  to  dryness,  and  the  re- 
«idi]inn  heated  to  redness  ont  of  the  contact  of  air,  a  substmice  of  a  blot 
colour  and  mtcaceoos  texture  is  obtained,  which  is  a  pure  chloride  of 
cobalt.     It  dissolves  perfectly  in  water,  fbrmiog  a  pink  sohiftioB. 

960.  As  the  chloride  of  cobalt  is  easily  form^,  and  as  it  is  a  perfect- 
ly definite  compound,  it  offers  an  unexceptionable  substance,  from 
which,  by  analysis,  to  deduce  the  equivalent  number  of  the  metal. 
For  this  purpose  32  grains  of  the  pinre  chloride  were  dissolved  in  water, 
and  decomposed  by  solution  of  nitrate  of  silver :  the  precipitate  of 
chloride  of  silver  dried  at  a  dull  red  heat,  weighed  68  grains,  which  is 
the  equivalent  of  16.75  grains  of  chlorine  ;  hence  the  32  grains  of 
chloride  of  cobalt  are  composed  of  16.73 chlorine  +  15.27  cobalt; 
and  16.75  :  15.27  :  :  36  :  32.5  ^  the  equividenl  of  cobaR.  The 
chloride  of  cobalt,  f betefore,  may  be  comideffed  aa  compdaed  of 

1  proportional  of  cobalt   .  .  ^  sn  32.5 
1  M         chlprinO  -  .  « 36*(^ 

68.8 

561.  CMoraiM  of  Cobmlt  has  not  been  examined* 
56 1.  Muriate  of  Cohalt  is  a  deliqoegcentsalt,  of  a  blue  green  coloor ; 
it  may  be  formed  by  digesting  either  oxide  in  mwriatie  acid ;  if  the  pe« 
roside  be  used,  eMorine  is  evolved,  and  it  pesaea  to  the  state  of  ]ri^ 
iexide.  When  »  little  diluted,  this  sofaitioB  becomes  pink  ;  ike  pale 
.  pink  solution)  when  written  with,  is  scareely  viaiUe ;  bat  i£  fent^ 
heated,  ^e  writing  appeara  in  brilliant  green,  which  80o»  vaniAci  aa 
tile  paper  cools,  in  consequence  of  the  salt  absorbing  the  airial  nois^ 
tore.     This  solutioQ  has  been  termed  Htilof^t  tpnpatimtic  Mr. 

963.  hdide  and  Isdate  of  Cobolt  renuin  mieaaauacd.  N<y  ptecqa* 
tate  is  produced  in  nraviate  of  cobalt  cither  by  hydliodic  acid  or  ky&i- 
odate  of  potassa. 

964.  With  nitric  acidtiie  oxide  of  eobdt  fnmiahea  a  red  deliques- 
cent nitrate  of  cobalU 

965.  Ammonia  digested  upon  recently  precipitatted  protoxide  of  eo> 
bait  slowly  dissolves  it,  and  forms  a  pale  pink  sdintion,  whicb  beeomes 
deeper  coloured  by  exposnre  to  air,  in  conseqnenc^  of  the  m«tal  pas- 
sing to  the  st^te  of  peroxide.  The  amraoniacal  solution  of  tlKp^KHi* 
ide  jfonns  acicnlar  crystals  of  a  beantifiil  pink  dolonB. 

966.  Sulphuret  of  Cobak  is  fi»rmed  by  heating:  the  oxide  witb  aul- 
phor.     It  is  yellowish  white. 

967.  Neither  the  Sa^Ates  aovtbe  HfponifhAtof  CobaU^ham  been 
examined. 

968.  Sulphaie  of  Cobalt  forms  red  rhombic  crystals,  soluble  in  24 
parts  of  water  at  60^.  It  may  Be  made  by  dissolving  the  newly  preci- 
pitated^ protoxide  in  anlphurie  naid  diluted  vntk  its  bidk  of  weter.     la 
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it3  crystallized  state  it  consists  of  one  proportional  of  oxide,  one  of 
acid,  and  seven  of  water  ;  or 

40.5  protoxide  of  cobalt 
40.    sulphuric  acid 
63.    water 

143.6* 

When  dried  at  a  temperature  of  500<*,  the  crystals  &1J  into  a  blue 
powder,  which  in  a  bright  red  heat  fuses  and  gives  out  sulphuric  acid 
leaving  a  black  oxide.  The  blue  powder  is  the  anhydrous  sulphate  of 
cobaU^  perfectly  soluble  in  water,  and  forming  a  pink  solution  ;  it  is 
slightly  deliquescent,  and  becomes  lilac  coloured  by  exposure  to  air. 

969.  Fifty  grains  of  diy  sulphate  of  cobalt  dissolved  in  water,  fur- 
nished a  precipitate  with  muriate  of  baryta,  amounting,  when  dried  at 
a  red  heat,  to  75  grains  of  sulphate  of  baryta,  which  is  the  equivalent 
of  25.5  grains  of  sulphuric  add  :  this  method  of  analysis,  therefore, 
shows  that  sulphate  of  cobalt  consists  very  nearly  of  equal  weighs  of 
sulphuric  acid  and  protoxide  of  cobalt,  and  may  be  considered  as  veri- 
fying the  analysis  of  the  chloride.  (960.) 

970.  Sulphate  of  cobalt  forms  triple  compounds  with  potassa  and 
with  ammonia,  which  have  not  been  examined.  If  it  contain  nickel, 
the  crystals  are  of  a  greenish  tinge,  but  pink  when  the  cobalt  is  pure. 

971.  HydrosulphureUed  Oxide  of  Cobalt  is  precipitated  from  the  mu- 
riate by  hydrosulphuret  of  ammonia,  of  a  black  colour. 

97?.  Phosphuret  of  Cobalt  is  a  white  brittle  compound. 

973.  Nothing  is  known  respecting  the  Hypophoephite  and  Phosphite 
tf  Cobalt. 

974.  Phosphate  of  Cobalt  may  be  formed  by  doable  decomposition, 
as  by  adding  phosphate  of  soda  to  muriate  of  cobalt ;  it  is  insoluble,  of  a 
lilac  colour,  and  if  mixed  with  eight  parts  of  gelatinous  alumina  and 
heated,  it  produces  a  beautiful  blue,  which  may  sometimes  be  employ- 
ed by  painters  as  a  substitute  for  ultramarine.  (Tuenard,  Tom.  ii.  p.  (Tbo«Mo«iO 
419.)     The  theoretical  composition  of  phosphate  of  cobalt  is  34  oxide 

+  28  acid  =  62.     rThbmson.^ 

975.  Carbonate  oj  Cobalt  is  formed  by  decomposing  the  nitrate,  mu- 
riate, or  sulphate  <n  cobalt  by  carbonate  of  potassa,  or  soda  ;  a  reddish 
blue  powder  is  precipitated. 

376.  Ferrocyanate  of  potassa  forms  a  grass  green  precipitate  in  so* 
htiona  of  cobalt. 

977.  Solution  of  borax  produces  a  pink  precipitate  in  solution  ofma- 
riate  of  cobalt,  which  is  probably  a  borcUe  of  cobalt. 

978.  The  salts  of  cobalt  all  contain  the  protoxide ;  they  are  decom- 
posed by  ammonia,  which,  if  added  in  excess,  re^dissolves  the  oxide  : 
phosphoric,  carbonic,  arsenic,  and  oxalic  acids,  produce,  by  double  de- 
composition, insoluble  red  or  lilac  precipitates  in  these  solutions. 

979.  The  alloys  of  cobalt  are  unimportant. 

980.  The  chief  use  of  cobalt  is  as  a  colouring  material  for  porcelain, 
eartfaenwaref  and  glass ;  it  is  principally  imported  from  Germany  in  the 
state  of  zq^re,  and  smalt  or  azure^ 


•  If  Tboowia'sniiiidierSS  (wttchMMitt  p(«fi)M>k)  ^  <aid<  wiU  be96+S*:s34,  «nd 
Utt  conpnad  »  34  pnAn :  ^  4S  fldptaBk  acid  4- ^  wat^ 


NN 
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Zaffrt  M  prepared  by  calcining  the  ores  of  cobalt,  by  which  enlpbtir 
and  arsenic  are  volatilized,  and  an  impure  oxide  of  cobalt  remains, 
which  is  mixed  with  about  twice  its  weight  of  finely-powdered  flints. 

iSmo/l  and  azwrt  blue  are  made  by  fusing  zaffre  with  glass  ;  or  by  cal- 
cining a  mixture  of  equal  parts  of  roasted  cobalt  ore,  common  potash, 
and  ground  flints.  In  this  way  a  blue  glass  is  formed,  which,  while  hot. 
is  dropped  into  water,  and  afterwards  reduced  to  a  very  fine  powder. 


Section  XVIII.     Uranium. 

981.  The  native  hydraied  oxide  of  this  metal  has  been  termed  ura- 
nt(e,  or  uranitic  ndca.  Its  crystalline  form  is  the  cube,  and  several 
modifications  ;  it  often  occurs  in  thin  quadrangular  plates.  It  exhibits 
various  shades  of  yellow  and  green.  It  has  been  found  in  France ;  and 
of  great  beauty  near  Callington,  in  Cornwall. 

982.  The  native  sulphuret  of  uranium  was  formerly  mistaken  for  an 
Ore  of  zinc,  and  called  pechblende^  till  Klaproth,  in  1789,  demonstrated 
it  to  contain  uranium  combined  with  sulphur.  From  this  ore  uranium 
may  be  obtained  by  the  following  process  :  Reduce  it  to  powder,  and 
expose  it  to  heat  in  a  muffle  ;  then  digest  in  dilute  nitro-muriatic  acid, 
and  precipitate  by  excess  of  ammonia,  to  retain  oxide  of  copper ;  col- 
lect and  wash  the  precipitate,  and  dry  it  at  a  heat  iipproachii^  red- 
ness. 

When  exposed  to  a  violent  heat  with  a  small  quantity  of  charcoal  pow- 
der, metallic  uranium  iv  obtained. 

Uranium  is  of  a  grey  colour,  brittle,  and  ve/y  dijQIcult  of  fusion ;  its 
specific  gravity  has  not  been  ascertained  with  precision.  Bucbolz 
states  it  as  =  9.0.-^6eh]:.en's  Journal^  iv. 

983.  Very  few  experiments  have  hitherto  been  made  upon  this  me- 
tal. The  oxide  precipitated  from  its  nitric  solution  by  alcdis  is  yeOow, 
but  by  heating  with  charcoal  it  becomes  black. 

984.  Chloride^  Muriate,  and  Chlorate  of  Uranium  have  not  been  ex- 
amined ;  nor  is  any  thing  known  of  the  Iodide  or  lodaU  of  Uramwn, 

986.  Mtrate  of  Uranium,  formed  by  digesting  the  peroxide  in  dilate 
nitric  acid,  and  crystallizing,  forms  yellow  prismatic  crystals,  easily  so- 
luble deliquescent  in  a  moist  air,  and  containing,  according  to  6q- 
cholz, 

61  oxide 
.  25  acid 
14  water 

100 

986.  Subnitrate  of  Uranium,  upon  the  authority  of  Bucbolz,  is  fam- 
ed by  heating  the  nitrate,  which  renders  a  part  insoluble  in  water»  and 
separates  in  the  form  of  a  yellow  powder. 

987.  Sulphuret  of  Uranium  exists  native;  Neither  the  Hmwdfiii^ 
nor  &dpkU€  of  Uranmm  have  been  exanunecl. 
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SkdphaU  of  Uraakm  forms  yellow  prismatic  crystals,  decomposable 
bj  heat,  and  according  to  the  analysis  of  Bucholz,  consisting  of 

70  oiide 
18  acid 
12  water 

100 

9B8,  According  to  the  same  authority,  the  peroxide  of  nraninm  con- 
sists of  80  metal  +  20  oxygen  sa  loo ;  so  that  if  we  consider  it  as  con- 
taining one-  proportional  of  metal  and  two  of  oxygen,  we  obtain  64  as  the 
representative  nnmber  of  nraninm ;  and  as  it  is  probable  that  the  prot- 
oxide contains  half  the  qnantitf  of  oxygen,  the  oxides  would  consist  re- 
spectively of  64  uraniym  -f  8  oxygen,  and  64  araaiom  +  16  oxygen ; 
bot  these  numbers  are  at  variance  with  those  derived  from  ibe  analysis 
of  the  salts  by  the  same  author,  and  at  all  events  are  merely  theoreti- 
cal. 

989.  The  salts  of  uranium  have  a  yellow  colour  and  an  astnngent 
metallic  taste.  Potasaa  forms  in  their  so&ntiona  a  yellow  precipitate, 
aod  carbonate  of  potasaa  a  white  precipitate  ;  both  these  precipitates 

ire  inaoluble  in  excess  of  pure  alcali,  but  dissolve  in  the  carbonate. 

Ferrocyanate  of  potassa  produces  a  rich  brown  precipitate  in  soluUons 

o£  uTWtkum,  which  is  very  characteristic. 


Section  XIX.     TUanium. 

990.  Titanium  exists  in  the  state  of  oxide  in  two  minerals,  in  tita- 
nite  and  in  menachanite. 

TUamU  is  a  nearly  pure  oxide  of  titanium ;  it  is  of  a  brown  colour, 
and  occurs  embedded  in  the  quarts  and  granite  of  primitive  conntries, 
and  sometunes  traverses  rock  crystals  in  fine  hair-like  filaments.  In 
this  coootry  it  occurs  at  Bedgellert,  in  Caernarvonshire ;  and  near 
KiUin,  in  Scotland.  The  finest  specimens  are  those  from  the  vicinity 
of  Mont  Blanc  and  St.  Gothard. 

The  mineral,  known  by  the  name  of  emo^cwe,  oetoedriU^  and  o/ytanUe^ 
is  nearly  of  the  same  nature  as  titanite.  It  is  found  in  Bavaria,  Nor- 
way, Switzerland,  and  in  the  valley  of  Oysans  in  France. 

MtnadumiU  consists  principally  of  oxides  of  titanium  and  iron  ;  it 
is  found  in  the  bed  of  a  small  stream  at  Menachan,  in  Cornwall.  M- 
^rtft«,  ttertfte,  rvUUtt^  and  tpkene^  are  also  ores  of  titanium. 

991.  The  metal  may  be  obtained  from  titanite  by  fusion  with  potas- 
aa ;  the  fused  mass,  washed  with  water,  leaves  oxide  of  titanium,  con^ 
taining  a  little  iron ;  it  is  to  be  dissolved  in  muriatic  acid,  and  precipi- 
tated by  oxalic  acid.  The  oxalate  affords  the  metal  by  intense  ignition 
with  charcoal :  .it  is,  however,  scarcely  possible  to  obtain  it  in  any 
state  of  agglutination :  in  some  trials  made  in  the  Royal  Institution, 
nothing  like  globules  of  the  metal  could  be  procured,  and  the  crucibles 
were  aiways  fused. 

092.  From  menachanite,  white  oxide  of  titanium  may  be  obtained 
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by  fiiaiog  it  With  poteia,  and  adding  muriatic  acid  to  the  alcaline  soto- 
tion. 

993.  Titanium  is  of  the  colour  of  copper.  It  is  said  to  be  suscep- 
tible of  three  degrees  of  oxidizement,  the  colours  of  the  oxides  being 
blue,  red,  and  white. 

The  blue  is  formed  by  exposing  the  metal  to  heat  and  air ;  the  red 
is  the  native  oxide ;  and  the  w^le  is  that  which  is  precipitated  from  the 
alcaline  solution  of  titanite  and  menachanite  by  muriatic  acid.  Ac- 
cording to  Vauquelin  and  Hecht,  {J<mmal  de$  Jliitoes,  No.  xv.)  the 
white  oxide  contains  89  parts  of  red  oxide  and  1 1  of  oxygen. 

994.  The  action  of  chlorine,  of  iodine,  and  of  their  a^idfl>  «pon  ti- 
tanium, have  not  been  examinod.  The  carbonate  of  HUamxwn^^oXitA 
in  muriatic,  nitric,  and  sulphuric  adds,  and  phosphoric  acid  occasions 
a  white  precipiiale  in  these  solutions.  Neither  the  invrtale,  mtrate, 
aor  sulphaUy  are  crystallizabie.  The  Solution  of  the  muriate  is  speedi- 
ly decomposed  by  exposure  to  light,  and  a  white  precipitate  of  oxide 
is  formed  in  it. 

996.  When  the  native  oxides  of  titanium  are  fused  with  carbonate  of 

£>taB6a,  at  a  temperature  not  too  high,  a  white  carbonate  oftiiamum  is 
rmed. 

996.  The  solutions  of  titanium  are  colourless,  and  afford  while  pre- 
cipitates with  the  alcalis ;  ferrocyanate  of  potassa  gives  a  green  preci- 
pitate, and  infusion  of  galls  a  red  one.  Hydrosulphvret  oi  ammonia 
occasions  a  greenish  precipitate. 


Sectiok  XX.    Cerium. 

997.  This  metal  was  obtained  by  Hisinger  «id  Beraelius,  fron  a 
mineral  found  at  Bastnas  in  Sweden,  to  which  they  have  given  the  name 
of  eerite.  It  is  abo  contained  in  Mlanite,  a  mineral  fron  Gfeeniand, 
first  distinguished  as  a  peculiar  species  ^  Mr.  Thomas  Allan,  (^Edin- 
burgh. It  contains,  according  to  Dr.  Thomson's  analysis,  aboat  40 
jper  cent,  of  oxide  of  cerium. 

The  ore  is  calcined,  pulverized,  and  digested  in  nitro-mnriatic  acid. 
To  the  filtered  solution  saturated  with  potassa,  oxalic  acid  is  added, 
which  occasions  a  precipitate ;  this,  when  dried  and  ignited,  is  oxide 
of  cerium. 

This  oxide  is  extremely  difficult  of  reduction.  Mr.  Children  sac- 
ceeded  in  fusing  it  by  the  aid  of  his  powerful  Voltaic  apparatus,  and 
when  intensely  heated  it  burned  with  a  vivid  fiame,  and  was  partly  vo- 
latilized. Vauquelin  describes  cerium  as  a  hard  white  brittle  metal. 
«-<h^nfiaie«  de  Chimie,  Vol.  iv. 

998.  Vauquelin  and  Hisinger  have  described  two  oxidcM  of  ceri- 
um. The  protoxide  is  white,  and  consists  of  cerium  100  +  oxygen 
17.41.  The  peroxide  is  brown,  and  contains  cerium  100  +  oxygen 
96.11.  If  we  regard  the  first  oxide  as  containing  1  proportional  of 
metal  +  2  of  oxygen,  and  the  second,  1  +  3,  then  the  number  repre- 
senting cerium  will  be  91.9  and  the  oxides  will  consist  respectiveh 
of  91.9  cerium  +  16  oxygen,  and  91.9  cerium  +  24  oxygen. 
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9d9,  Muriatic  and  salphoric  acids  dissolve  the  red  peroxide  of  *ce- 
rium  :  the  solutions  afford  yellow  crystals.  The  muriate  is  deliques- 
cent ;  the  sulphate  difficulUy  solidile.  The  Sulphate  of  the  protoxide 
forms  white  crystals  of  a  sweet  taste.  Nitric  acid  forms  with  the  pro- 
toxide a  deliquescent  compound,  of  a  sweet  taste.  The  carbonate  is 
precipitated  from  these  solutions  in  the  form  of  a  white  powder. 

1000.  The  salts  of  cerium  are  either  white  or  yellow,  as  they  con- 
tain either  the  protoxide  or  peroxide.  Their  neutral  solutions  taste 
sweet.  Ferrocyanate  of  potassa,  and  oxalate  of  ammonia,  produce 
white  precipitates  soluble  in  nitric  and  muriatic  acids.  Neither  sulphu- 
retted hydrogen,  nor  g^lic  acid,  occasion  any  precipitate. 


Sectiow  XXI.     TeUuriwn. 

1001.  The  ores  of  teUurium  are,  1.  ^TcUtve,  in  which  the  metal  is 
comlnned  with  iron  anda  Uttle  pAA,  2.  Graphic  ore,  which  consists  of 
tellurium,  gold,  and  silver.  3.  YeUow  ore,  a  tompound  of  tellurium, 
^old,  lead,  and  silver ;  and  4.  Blaek  or€y  consisting  of  the  same  metals 
with  copper  and  sulphur. 

These  ores  have  only  been  found  in  the  Transylvanian  mines,  and  in 
Siberia. 

The  metal  is  extracted  from  them  by  precipitating  their  diluted  ni- 
tro-mnriatic  solution  by  potassa,  which  is  added  in  excess  ;  the  clear 
liquor  is  poured  off  and  saturated  with  muriatic  acid,  which  affords  a 
precipitate  of  oxide  of  tellurium.  This  heated  in  a  glass  retort  with 
charcoal,  ^rnishes  the  metal.  Tellurium  is  of  a  bright  grey  colour, 
brittle,  easily  fusible,  and  very  volatile.     Its  specific  gravity  is  6.1. 

1002.  Oxide  of  Tkllnrium. — Exposed  to  heat  and  air,  tellurium  readi- 
ly bums,  exhaling  a  peculiar  odour,  and  forming  a  yellowish  white  ox- 
ide, consisting  according  toKlaproth^  {Beilrdge^  Vol.  iii.)  of 

Tellurium  100 
Oxygen        20.6 

Hence  the  number  39  may  be  adopted  as  the  representative  of  the 
metal ;  and  if  the  above  be  considered  a  protoxide,  it  will  contaia 

1  proportional  of  tellurium  =  39 
1  —  of    oxygen    ==    8 

Oxide  of  tellurium  =  47 

1003.  Chloride  of  TeUurium  is  a  white  Aisible  compound,  formed  by 
heatii^  the  metal  in  chlorine.  According  to  Duvv,  (^ElemenU^  p.  410.) 
it  consists  of  2  tellurium  +  1.85  chlorine,  which  would  give  1  propor- 
tional of  each  of  its  components,  or 

Tellurium 39 

Chlorine 36 

Chloride  of  tellurium    75 
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The  Chlorate  of  Tellurium  is  not  known. 

1004.  Iodine  readily  combines  with  telluriuin,  forming  t  deep  browo 
iodide^  which  dissolves  in  water,  fonning  the  hydriodaie  of  teUurtiim. 
The  iodate  of  Tellurium  has  not  been  examined. 

1006.  The  salts  of  tellurium  are  decomposed  by  the  alcalis,  and  the 
precipitate  is  re^ssolved  when  they  are  added  in  excess.  Hydrosul- 
phuret  of  ammonia  forms  a  brown  precipitate  ;  ferrocyanate  of  potassa 
occasions  no  change.  Zinc  or  iron,  immersed  into  the  solutions,  cause 
the  separation  of  metallic  tellurium. 

1006.  Tellurium  combines  with  hydrogen,  producing  telluretied  hy- 
drogen gas.  The  soluble  salts  of  teUurium  furnish  white  precipitates 
when  neutralized  by  alcalis,  which  are  soluble  in  excess  either  of  the 
solvent  or  precipitant. 

1007.  The  oxide  of  tellurium  is  readily  soluble  in  muriatic,  mtric, 
and  sulphuric  acids.  The  muriate  affords  a  precipitate  on  the  addi- 
tion of  water. — Berzelius,  Nicholson's  Journal^  xxxvi. 

1008.  The  oxide  of  teUurium  combines  with  many  of  the  metaUic 
oxides,  acting  the  part  of  an  acid,  and  producing  a  class  of  compounds 
which  have  been  called  telluratee. 

1009.  TelluraU  of  PoUusa  may  be  formed  by  heating  oxide  of  tel- 
lurium with  nitre,  and  dissolving  the  residuum  in  boiling  water,  which, 
on  cooling,  deposits  an  imperfecUy  crystallized  white  powder,  difficoMj 
soluble  in  water. 

1010.  Solution  of  telluriate  of  potassa,  added  to  solutions  of  lime, 
baryta,  strontia,  copper,  and  lead,  forms  insoluble  tellarates  of  the  ox- 


des  of  those  metals. 


Section  XXII.    Selemum. 

1011.  This  body  is  placed,  ra^er  from  anal<^  than  expenment, 
among  the  metals.  It  was  discovered  by  Berzelius  in  the  sulfur  of 
Fahlun  in  Sweden,  and  was  first  suspected  to  be  tellurium.  Its  colour 
is  grey ;  its  lustre  bright  metalUc.  It  fases  at  a  few  degrees  above  the 
boiling  point  of  water,  and  when  slowly  cooled,  assumes  a  granular 
fracture.  It  boils  and  evaporates  in  dose  vessels  at  a  temperature  a 
little  below  redness.  Heated  before  the  blow-pipe  it  volatilizes  with 
a  very  powerful  and  peculiar  smell,  somewhat  like  that  of  horse-ra- 
dish. 

Selenium  unites  with  the  metals.  With  potassium  it  combines  with 
great  energy,  producing  a  greyish  compound,  with  metallic  lustre,  and 
which,  when  thrown  into  water,  evolves  selenuretted  hydrogengoM^  which 
is  highly  irritating  to  the  nostnls.  It  combines  both  in  the  dry  and 
humid  way  with  the  fixed  alcalis,  and  forms  red  compounds.  Heated 
to  dryness  with  nitric  acid  it  forms  a  volatile  and  crystallizable  com- 
|>ound,  called  selenic  aeid^  which  unites  to  some  of  the  metallic  oxides, 
producing  a  distinct  class  of  seUniateM. — AnnaUs  de  Chimie  et  Physi^, 
Tom.  vii. ;  Thohi^on's  Annals^  Vol.  xi.  and  xii. 


Al^S£in0US   ACID.  2Q3 


Section  XXIII.     Arsenic. 


101 S.  This  metal  may  be  obtained  from  the  white  arsenic  of  com- Vodaof  oi>- 
merce,  by  mixing  it  with  half  its  weight  of  b^ck  flux*,  and  introducing  *"°^^* 
the  mixture  into  a  Florence  flask,  placed  in  a  sand  bath,  gradually  raised 
to  a  red  heat :  a  brilUant  metallic  sublimate  of  pure  arsenic  collects  in 
the  upper  part  of  the  flask.  Tb«  volatility  of  while  arsenic  prevents 
its  easy  reduction  by  charcoal  alone  )  but  the  potasaa  in  the  flux  enables 
it  to  acquire  a  temperature  sufficient  for  its  perfect  reduction. 

1013.  Arsenic  is  of  a  steel  blue  colour,  quite  brittle,  and  of  a  ape- cutacur* 
cific  gravity  =  8.3.     It  readily  fuses,  and  in  close  vessels  may  be  dis- 
tilled at  a  temperature  of  360',  which  is  lower  than  its  fusing  point. 

Its  vapour  has  a  very  strong  smell,  resembling  that  of  garlic.  Heated 
in  the  air  it  easily  takes  fire,  bums  with  a  blue  flame,  and  produces  c6- 
pious  *  white  fumes  of  oxide.  Exposed  to  a  moist  air  it  gradually  be- 
comes incrusted  with  a  grey  powder,  which  is  an  imperfect  oxide. 
This  metal  and  all  its  compounds  are  virulent  poisons. 

1014.  Native  arsenic  has  been  found  in  Saxony,  Hanover,  France, 
Bohenua,  and  Cornwall.  It  usually  occurs  in  rounded  masses,  or  no- 
AxAe%y  of  a  foliated  lamellar  texture,  in  the  veins  of  primitive  rocks,  and 
is  often  associated  with  silver,  cobalt,  lead,  and  nickel  ores. 

1015.  Arsenic  and  Oxygen, — There  are  two  definite  compounds  of 
arsenic  and  oxygen,  which  are  both  capable  of  forming  combination? 
with  other  metallic  oxides.  They  are  sour  and  soluble  in  water,  and 
have  thence  been  properly  termed  arsenious  and  arsenic  acids. 

The  arsenious  acid,  or,  as  it  is  commonly  called,  white  arsenic,  or 
vhite  oxide  of  arsenic,  is  the  best  known,  and  most  commonly  occur- 
ring compound  of  this  metal ;  and  as  cases  of  poisoning  by  it  are  fre- 
quent, every  person  should  be  well  acquainted  with  its  characteristic 
properties. 

1016.  Arsenious  acid  may  easily  be  procured  by  the  combustion  of 
the  metal;  but  as  it  is  fomied  during  certain  meUdlurgic  processes, 
that  mode  is  rarely  resorted  to.  It  is  abundantly  prepared  at  Joa- 
cbimsthal  in  Bohemia,  from  arsenical  cobalt  ores,  which  are  roasted  in 
reverberatory  furnaces,  and  the  vapours  condensed  in  a  long  chimney, 
the  contents  of  which,  submitted  to  a  second  sublimation,  afibrd  the 
9hiU  arsenie  of  commerce. 

1017.  Arsenious  acid  is  white,  semi-transparent,  brittle,  and  of  a 
vitreous  fracture.     Its  specific  gravity  is  3.7.     Its  taste  is  acrid,  accom- ' 
pamed  by  a  very  nauseous  sweetness,  and  it  is  virulently  poisonous, 
producing  inflammation  and  gangrene  of  the  stomach  and  intestines  ;  it  ' 
also  proves  fatal  when  applied  to  a  wound  ;  and  as  the  local  injury  is 

in  neither  case  sufficient  to  cause  death,  it  is  probable  that  an  induced 
a^BectioD  of  the  nervous  system  and  of  the  heart  is  the  cause  of  the  mis- 
chiet    (Brodie's  Observations  and  Experiments  on  tiie  Action  of  Poi- 


•  flib  IS  Ml  extrandy  asefut  compoand  fiv  efiecting  Uw  reeUictoon  of  many  of  the  metallic 
•aides.    It  coDsista  of  cWcoal  and  SBtbcartwnate  of  potaasa,  and  u  bB8t  preparedby  defla-  jj^  ^^^ 
gratoie  io  a  cmcibk  a  mixtureof  one  part  of  nitre  and  two  of  powdered  twlar,     ilie  miztu« 
i«iBainBlafownatai«dheat,a&dtfaHSwaer8tiMCimU  gloUe»  pf  roiliiced  iwtal  Ip  coa- 
Icacaiatoabattoii. 
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sons. — Phil,  Tram.,  1BI%.)  To  get  rid  of  the  poison  by  prodaciDg  co- 
pious vomiting  and  purging,  and  to  pursue  the  usual  means  for  subdu- 
ing and  preventing  inflammation,  Ore  the  principal  points  of  treatment 
to  be  adopted  in  cases  where  this  poison  has  been  taken. — Oafila, 
Train  des  Poisons ,  Tom.  i.  p.  123. 

1018.  By  a  slow  sublimation  arsenious  acid  forms  tetraedral  crystals : 
it  is  volatile  at  380^,  and  has  no  smell  when  perfectly  free  from  metsl- 
lie  arsenic.  (Dr.  Paris,  Quarterly  Journal  of  Science  and  Arts^  Vd. 
vi. )  According  to  Klaproth,  1 000  parts  of  water  at  60^  dissolve  2.5  of 
white  arsenic  ;  and  1000  parts  of  water  at  212*,  dissolve  rather  more 
than  77  parts,  and  about  flO  parts  are  retained  in  permanent  solution. 
The  solutions  taste  acrid  and  nauseous,  and  redden  vegeti^le  blues. 
80  parts  of  alcohol  at  60^,  dissolve  one  part  of  this  acid.  Its  aqueous 
solution  furnishes  tetraednil  crystals  by  slow  evaporation. 

1019.  The  composition  of  the  arsenious  acid»  as  estimaled  by 
Proust,  Thenard,  and  Thomson  (Thomson's  Shfitmn^  V<^.  i.  p.  295.) 
furnishes  the  following  mean : 

Aneiiie.  Oxygva.  AnemomAM. 

Too       +        34         ae  134. 

If  we  consider  this  acid  as  a  compound  of  one  jHroportiona]  of  ar- 
senic and  two  of  oxygen,  we  obtain  the  number  47.06  as  the  repre- 
sentative of  arsenic ;  for 

34  :  100  :  :  16  :  47.06*. 

Without  material  error,  therefore,  we  mav  adopt  47  as  the  repre* 
sentative  of  this  metal,  and  the  arsenious  acid  will  then  consist  of  47 
arseDic  +  16  oxygen  »  63. 

1020.  Jfaiive  Wkiie  Arsenic  occurs  in  prismatic  crystals,  and  in  a 
pulverulent  form :  it  is  found  in  Saxony  and  Hungary. 

1021.  The  arsenious  acid  forms  a  distinct  class  of  salts,  called  ar- 
stnitesy  which  have  been  but  little  examined. 

The  arsewiies  of  ammonia,  potassa,  and  sodm^  are  easily  soluble  and 
uncrystallizable :  they  are  formed  by  boihng  the  acid  in  the  alcaliae 
solutions.  Those  of  lime,  baryta,  stroniia,  and  snagnesia,  are  difficoH- 
ly  soluble,  and  formed  in  the  some  way.  Arsenite  of  potassa  is  Ihe  ac- 
tive ingredient  in  the  liquor  arsemicalis  of  the  Phammcopcna,  and  in 
Fowler^ s  mineral  solution  or  tasteless  ague  drop. 

Arsenite  of  ammonia  produces  a  yellow  precipitate  in  nitrate  of  ail* 
ver,  easily  soluble  in  excess  of  ammonia. 

Arsenite  of  potassa  produces  a  white  precipitate  in  the  white  salts  of 
manganese  ;  a  dingy  green  precipitate  in  the  solutions  of  iron  i  a  white 
precipitate  in  solutions  of  zinc  and  tin.  Mixed  with  a  solution  of  sul- 
phate of  copper,  a  precipitate  of  a  fine  apple-green  colour  faUs,  called 
from  its  discoverer,  Seheele^s  green,  and  is  usefol  as  a  pigment  In  the 
solutions  of  lead,,  antimony,  and  bismuth,  it  forms  white  precipitates : 
added  to  nitrate  of  cobalt  it  forms  a  pink  precipitate ;  and  bright  yd- 

*  Thoniion  gives  IbecomponlXMi  of  ftneaic  acid  4.75  mnetac  +  S  atOBs  017900,  (hence 
when  the  aionof  hydnigw  »  1),  the  atom  of  arsenic  will  be  38,  and  the  anenk  acid  38  -f 
M^eZ,  SD  also  arsHikeoQs  add  wtU  be  38+1^=^  this  last  number  seems  preferable  to63, 
but  no  nUiAiiiiiioo  iM  aiipiaiad  noM  astbe  BflDBtei  in  tbs  lest  an 
isr  experiments. 
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low,  with  nitrate  of  nramnm.    With  nitrate  of  silver  it  forms  a  white 
precipitate,  soon  hecoming  yellow,  and  very  soluble  in  ammonia.    All 
these  precipitates  are  probably  arwnte$  of  the  respective  metals,  and, 
heated  by  a  blow-pipe  on  charcoal,  they  exhale  the  smell  of  arsenic. 
Native  Arumie  of  Lead  is  found  in  France,  in  Spain,  and  in  Siberia. 

1022.  Arseme  Acid  is  obtained  by  distilling  a  mixture  of  4  parts  of 
mariatic  and  24  of  nitric  acid  off  8  parts  of  arsenious  acid,  gradually 
raising  the  bottom  of  the  retort  to  a  red  heat  at  the  end  of  the  opera- 
tion. It  may  abo  be  procured  by  distilling  nitric  acid  off  powdered 
metallic  arsenic. 

1023.  Arsenic  acid  is  a  white  substance,  of  a  sour  taste ;  it  is  deli- 
quescent and  uncrystallizable.  Its  specific  gravity  is  3.4.  It  requires 
for  solution  6  parts  of  cold  and  2  of  boiling  water ;  its  solution  reddens 
vegetable  blues,  and  tastes  acrid  and  metallic. 

1024.  It  appears,  from  the  experiments  of  Proust  and  Thomson, 
that  the  oxygen  in  the  arsenic  acid  is,  to  that  in  the  arsenious  acid,  as  3* 
to  2 ;  hence  we  may  regard  it  as  a  compound  of  1  proportional  of  ar- 
senic =s  47,  and  3  proportionals  of  oxygen  s=  24,  and  its  representa- 
tive number  will  be  71. 

1026.  The  ArsemUUtn  are  produced  by  the  union  of  this  acid  with 
the  metallic  oxides  \  and  many  which  are  insoluble  may  be  formed  by 
adjiing  arseniate  of  potassa  to  their  respective  solutions. 

1026.  Arseniaie  of  Ammonia  is  formed  by  saturating  arsenic  acid 
with  ammonia^  rhomboidal  prisms  are  obtained  on  evaporation,  which, 
when  gently  heated,  effloresce  and  evolve  ammonia :  at  a  higher  tem- 
penrtnre  water  U  formed,  oxide  of  arsenic  sublimes,  and  nitrogen  is 
evolved,  a  circumstance  first  observed  by  Scbeele. 

1027.  Arseniate  ofPotaaa  is  detiquescent  and  uncrystallizable. 

1028.  jBtnartenutfeofFolafMi  may  either  be  formed  by  adding  excess 
of  arsenic  acid  to  potassa  and  evaporation ;  or  by  heating  to  redness,  in 
a  Florence  flask,  a  mixture  of  equal  parts  of  nitre  and  white  arsenic ; 
during  the  latter  operation  much  nitrous  gas  is  evolved,  and  on  dissolv- 
ing tlM  residue  in  water,  filteriiig,  and  evaporating,  quadrangular  crys- 
tab  ef  binarseniate  of  potassa  are  obtained.  Macquer  was  the  first 
who  thus  procured  this  compound,  hence  it  was  termed  Macqwr*9  neu- 
tr<d  ar$efUeal  tali.  It  is  not  easily  decomposed  by  heat  alone,  and 
may  be  fused  and  kept  red  hot  without  undei^ing  other  change  than 
losing  a  little  acid,  but  when  mixed  with  about  an  eighth  of  charcoal 
powder  and  distilled,  metallic  arsenic  rises,  and  carbonate  of  potassa, 
mixed  with  part  of  the  charcoal,  remains  in  the  body  of  the  retort. 
Tins  salt  is  used  in  pharmacy  for  the  cure  of  agues :  it  consists  of 

1  proportional  of  potassa =:    48 

2  -— —  arsenic  acid    .  .  .  .  =  142 

ido 

1029.  Arsenate  of  Soda  is  formed  by  saturating  a  solution  of  carbo-      ■     - 
nate  of  soda  with  arsenic  acid ;  on  evaporation  crystals  are  obtained, 
which  appear  to  consist  of 

1  proportional  of  soda =  32 

I  ■  arsenic  acid  .  .  .  .  =  71 

103 
GO 
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1030.  ArsiniaU  of  lAme  is  deposited  when  arseiuc  acid  ia  dropped 
into  lime-water,  or  when  araeniate  of  potaaaa  is  added  to  nitrate  of 
lime  ;  it  is  difficulUy  soluble  in  water,  and  consiate,  according  to  Lau- 
gier  (AnmU$  de  C/itmtc,  Ixxxt.  58.)  of 

Arsenic  acid ,  ...  67 

Lime ,  .  33  ,    ^     » 

numbers  which  do  not  exactly  correspond  with  1  proportion;^  of  acid 

+  1  of  base.  ^        ^  ^  -  •  *     r 

1031.  Arttniaic  of  Baryta  may  be  formed  by  mixing  araeniate  of 
potassa  with  nitrate  of  baryta  ;  when  the  acid  is  not  in  excess  ittsinso- 
lubfe  in  water.  It  may  be  considered  as  a  compound  of  1  proportional 
ofacid  =  7H-lofbaryta  =  78.  ^     •      i-v. 

1032.  Arteniatt  ofStrofUia  is  formed  as  the  last,  and  is  msohible. 

1033.  Arseniate  of  Magnesia  h  soluble,  deliquescent,  and  uncr/stal- 

lizable. 

1034.  Arseniate  of  Manganese  is  precipiUted  in  the  form  of  a  white 
powder,  when  arseniate  of  potassa  is  added  to  muriate  of  manganese, 

1035.  Arseniate  of  /ron.—Arseniate  of  ammonia,  added  to  the  sota- 
tionsof  protosulphate  and  persulphate  of  iron,  occasions  greenish  pre- 
cipitates of  protarseniate  and  perarseniate  of  iron  both  of  which  hare 
T^een  examined  by  Mr.  Chenevix.— Pfct7.  Trans.,  1801,  pp.  220,  225. 

1036.  Arseniate  of  Zinc  is  precipitated  in  the  form  of  a  whiteiMolti- 
We  powder  when  arsenic  acid,  or  an  alcaline  arseniate  is  added  to  sd- 
phate  of  zinc. 

1037.  Arseniate  of  Tin  is  sl  white  insoluble  powder,  precipitated  by 
adding  arseniate  of  potassa  to  muriate  of  tin. 

1038.  Arseniate  of  Copper  is  formed  by  adding  an  alcahne  arseniate 
to  nitrate  of  copper ;  it  is  a  blue  insoluble  powder.  The  arseniates 
of  copper  have  been  submitted  to  an  elaborate  inrestig^tion  by  Hr. 
Cheneyix  {PhiL  Trans,,  180 J.)  ;  he  has  described  five  jrarieties,  m 
shown  in  the  following  table. — Thomson's  System,  ii.  616. 

Variety  Ut.     .  . 
2d.     .  . 


Acia.                      Oxid«. 

Water. 

1 3.70 

2.50 

1 2.76 

1. 

1 1.72 

0.70 

1 1.80 

0.53 

1 0.88 

0.60 

Ath.     .  . 

—  bth»     .  . 

Dr.  Thomson  considers  these  varieties  as  reducible  to  foursub-spc- 
cies,  as  follow  \  \st,  A  subarseniate,  composed  of  1  atom  acid  +  3 
atoms  peroxide.  2d.  A  subarseniate,  composed  of  1  atom  acid  +  2 
atoms  peroxide.  3cl.  and  4^4.  A  neutral  arseniate,  composed  of  i 
atom  acid  +  1  atom  peroxide.  5^^.  A  binarseniate,  composed  of  2 
atoms  acid  +  1  atom  peroxide. 

1039.  Arseniate  of  Lead,  It  maybe  formed  by  pouring  arsenic  acid 
into  any  of  the  soluble  salts  of  lead,  when  it  &Us  in  the  form  of  a  white 
powder,  insoluble  in  water,  but  soluble  in  dilute  nitric  acid  ;  a  circam- 
stance  which  enables  us  in  analyses  to  separate  it  from  sulphate  of  lead, 
which  is  insoluble  (888.)  This  compound  is  fusible  without  decompo- 
sition ;  but  if  it  be  heated  with  charcoal,  both  the  lead  and  arsenic 
are  reduced,  anti  the  latter  evaporates.  This  compound  consists,  ac- 
cording to  theory,  of 
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Arsenic  acid    38.5 

Oxideof  lead 61.5 

100. 

Thenard's  aoalyBis  (Atmalei  de  Chimiey  i*)  ^ves  iU  component 
parts 

Acid 35.7 

Oxide 64.3 

100.0 

I04b.  ArsemcUe  of  Aniiwony. — Nothing  is  kjiown  respecting  the 
combinatioas  o£  arsenic  acid  with  either  of  the  oxides  of  antimony. 

104 1 .  ArstHtate  of  Bumuth  fidls  as  an  insoluble  white  powder  on  add* 
iag  arsenic  acid  to  nitrate  of  bbmoth. 

1042.  Artemate  o^  Cobalt  is  precipitated  of  a  red  colour  by  the  ad- 
dition of  an  alcaline  arseniate  to  a  soluble  salt  of  cobalt. 

1043.  Aneniale  of  Uranium  is  thrown  down  of  a  straw  colour  when 
arseniate  of  potassa  is  added  to  mtrate  of  uranium. 

1044.  Several  of  the  metallic  arseniates  are  found  native  ;  of.  these 
the  most  important  are,  1.  The  arseniate  of  iron,  which  occurs  in 
Cornwall,  usually  in  cubic  crystals  of  various  shades  of  green.  2.  Ar^ 
gemote  of  copper,  of  which  there  are  two  principal  varietie;;?,  the  greeii 
and  blue.  The  green  is  found  in  flattened  octoedra,  in  hexaedral  tables^ 
and  in  prisms  wSh  dihedral  sumznits.  Sometimes  it  is  massive,  or  fi* 
brous,  and  radiated.  The  blue  variety  is  tetraedral»  octoedral,  and 
rhombic.  These  beautifol  minerals  are  almost  peculiar  to  ComwalL 
3.  ArsefUate  of  lead  occurs  in  small  hexaedral  crystal^,  of  a  yellow^ 
green,  or  brown  colour,  transparent,  and  of  a  resinous  lustre.  It  has 
been  found  in  Cornwall^  France,  and  Spain.  4.  Arseniate  of  Cobalt^ 
or  peachhloMsom  cobcUt  ore^  is  a  rare  mineral  found  m  Saxony  and  Corn- 
waJI. 

1 046.  Arsenic  and  Chlorine. — OUoride  of  arsenic  is  formed  by  throw- 
ing finely-powdered  arsenic  into  chlorine  4  the  metal  bums  and  forms 
a  whitish  <Uliquescent  and  volatile  compound ;  it  may  also  be  obtained 
by  distilling  6  parts  of  corrosive  sublimate  with  1  of  powdered  arsenic ; 
the  chloride  passes  into  the  receiver  in  the  foim  of  an  unctuous  fluid, 
formerly  called  buiter  of  arsenic.  Mixed  with  water,  the  chloride  of 
arsenic  is  decomposed,  and  white  oxide  or  arsenious  acid  is  deposited, 
mnriatic  acid  being  at  the  same  time  produced.  Hence  it  may  be  in- 
ferred, that  the  chlQiine  is  to  the  arsenic  in  the  same  proportion  as  the 
oxygem»d,  consequently,  that  it  consists  of  1  proportional  of  arsenic 
+  2  proportionals  of  chlorine,  which,  frcmi  Dr.  Davy's  experiments,  ap- 
peals to  be  the  case.  •  Chloride  of  arsenic  therefore,  is  composed  of 

47  arsenic  +  72  chlorine  =  119  chloride  of  arsenic. 

1046.  CfUorate  tf  Arsenic  has  not  been  examined. 

1047.  Iodide  of  Arsenic,  obtained  by  heatii^  the  metal  with  ««ce^  . 
of  iodine,  is  of  a  deep  red  colour,  and  volatile.     When  acted  upon  by 
water,  it  produces  hydriodic  and  arsenic  acids,  whence  it  ^pears  pro- 
bable that  it  contains  1  proportional  of  arsenic  and  3  of  iodine. 

1048.  The  action  of  ioAic  add  on  arsenic  has  not  been  examhied. 
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1049.  Arsenic  and  tfydn^en. — Anenuretttd  Hydrogen  Ga$. — ^When 
arsenic  is  presented  to  nascent  hydrogen,  a  portion  of  t)ie  metal  com- 
bines with  the  gas.  The  compound  is  best  obtained  by  adding  a  por- 
tion of  metallic  arsenic,  or  of  white  arsenic,  to  the  mixture  of  zinc 
filings  and  dilute  sulphuric  acid,  usuaUy  employed  for  the  production 
of  hydrogen.  (227).  The  gas  may  be  collected  over  water,  by  which 
it  is  not  sensibly  absorbed. 

1060,  The  specific  gravity  of  this  gas  is' liable  to  vary  according  to 
the  mode  by  which  it  is  procured.  1  have  always  found  it  heaviest 
when  obtained  from  a  mixture  of  4  parts  of  ztnc^  1  of  araenic,  and  3 
of  sulphuric  acid,  diluted  with  4  or  5  of  water.  After  standing  a  daj 
over  water,  it  deposits  a  small  quantity  of  brown  matter,  which  appears 
to  be  a  hydruret  of  arsenic,  and  then  has  a  specific  gravity  ef  mm  12 
to  14,  hvdrogen  being  s=  1.  This  is  considerably  heavier  than  the 
usual  estimation.  If  &e  gas  were  composed  of  1  proportional  of  ane- 
nic  add  two  of  hydrogen,  without  condensation,  100  cubical  inches  shoiild 
weigh  51.75  grains,  and  its  specific  gravity  to  hydrogen  would  be  20.7. 
But  Gav-Lussac  and  Thenard,  {^Recherches  Phynco-CMnuqueSy  Tom.  i. 
p.  230.)  have  shown  by  decomposing  it  by  tin,  that  100  parts  expand 
to  140,  which  would  stiU  increase  its  specific  gravity,  it  being  probable 
that  3  volumes  of  hydrogen  are  condensed  into  2.  It  is  probable,  there- 
(ore,  that  the  gas,  hitherto  described  under  the  name  of  arsenuretted 
hydrogen,  is  a  mixture  of  the  real  compound  with  hydre^ien. 

1051 .  The  gas  obtained  by  the  above-described  process  is  expanded 
in  volume  and  deposits  arsenic  at  high  temperatures :  exposure  to  in- 
tense cold  is  said  to  occasion  its  liquefiK^tion.  it  smdk  strongly  allia- 
ceous ;  it  extinguishes  a  taper,  and  bums  with  a  pale  blue  flame,  de- 
positing arsenic  and  its  oxide.  If  detonated  with  about  4  volumes  of 
oxygen,  arsenious  acid  and  water  are  formed.  According  to  Stromeyer, 
(Nicholson's  Journal,  Vol.  xix.)  it  requires  for  its  perfect  combostioD 
0.72  parts  of  its  bulk  of  oxygen ;  but  Uiis  is  probably  not  sofficieiit  to 
bum  the  arsenic. 

1052.  If  bubbles  of  chlorine  be  passed  up  into  a  jar  of  arsenaretted 
hydrogen,  standioig  over  warm  water,  flame  and  explosion  are  often 
pr9duced,  muriatic  acid  is  fonned,  and  a  brown  hydruret  is  deposited ; 
but  if  the  gas  be  passed  in  the  sanie  way  by  successive  bubbles  isio 
chlorine,  no  inflammation  results,  absorption  takes  place,  and  mariatic 
acid  and  chloride  of  arsenic  arc  formed.  If  the  chlorine  be  not  veiy 
pure,  and  when  the  gases  are  cold,  inflammation  seldom  foUoirs  their 
mixture. 

1053.  Chlorine,  added  to  a  mixture  of  sulphuretted  with  anenuret- 
ted  hydrogen,  causes  a  deposit  of  red  sulphuret  of  arsenie. 

1054.  Nitric  acid  suddenly  decomposes  arsenuretted  hydrogen ;  wa- 
ter, oxide  of  arsenic,  nitrous  acid,  and  nitric  oxide  are  the  remits. 

1056.  Arsenic  and  Sulphur. — ^By  slowly  fiiiuDg  a  nuxture  of  HietaOk: 
arsenic  and  sulphur,  or  hj  heating  white  arsenic  with  solphnr,  a  red 
sulphuret  of  arsenic  is  obtained.  It  is  crystallizable,  and  of  a  vitreooi 
fincture :  its  specific  gravity  is  3.4.  It  is  usually  known  under  tbe 
name  of  realgar,  and  occurs  native  in  Germanj  and  Switzerland,  is 
veins  of  primitive  rocks  and  among  volcanic  matter.  Its  primitive  fom 
is  an  acute  octoedron. 

1056.  If  white  arsenic  be  dissolved  in  muriatic,  acid,  and  precipitat- 
ed by  bydrosulphuretof  ammonia,  a  fine  yellow  sttlphuret  of  arseaic 
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fkUs,  which  it  appean  OBly  diffiers  io  form  from  re^';  «* :  it  is  usually 
called  orptmefU.  According  to  Liaii^er,  {AnnaUi  de  Chimie^  Izxxv.) 
these  «aipharet8  are  composed  of  about  58  arsenic  and  42  sulphur, 
which  differs  litOe  from  1  proportional  and  2,  or 

47  arsenic  +  32  sulphur  =  79  sulphuret  of  arsenic. 

1057.  Muive  OrpimetU  is  of  a  bright  lemon  or  golden  colour.  It  is 
generally  massiye  and  hunellar.  It  occurs  both  in  primitive  and  se- 
condary rocks  in  Suabia,  Hungary,  China,  and  South  America^ 

1058.  M.  Braconnot  has  successfully  employed  an  ammoniacal  so- 
lution of  sulphuret  of  arsenic  as  a  dye  stuff;  the  process  he  recom- 
mends is  as  follows :  1  part  of  sulphur,  2  of  white  arsenic,  and  5  of 
pearlash,  are  to  be  fused  in  a  crucible  at  a  heat  a  little  below  redness  : 
a  yellow  mass  results,  which  is  to  be  dissolved  in  hot  water  and  filtered ; 
the  filtered  solution,  diluted  with  water,  is  to  be  treated  with  weak  sul- 
phuric acid,  and  will  give  a  fine  yellow  precipitate,  which  easily  dis- 
s<dves  in  ammonia,  forming  a  solution  at  first  yellow,  but  becoming  co* 
lourkss  on  adding  more  ammonia.  The  wool,  silk,  cotton,  or  linen  is 
to  be  ^ped  into  this  solution,  more  or  less  diluted  according  to  the 
colour  required^  care  being  taken  that  no  metallic  vessels  are  used ; 
on  taking  them  out  they  are  at  first  colourless,  but  as  the  ammonia  eva- 
porates become  yellow ;  they  are  then  to  be  freely  etposed  to  the  air, 
washed  and  dried*     This  colour  is  very  permanent  but  soap  impairs  it 

1059.  SufyAurBt  of  Arsenic  and  Iron  is  found  native  in  many  parts  of 
Europe.  It  is  of  a  more  silvery  colour  than  iron  pyrites,  and  when 
heated  exhales  thc^  odour  of  arsenic.  It  is  called  arseniccU  pyrites j  or 
mis-pickel, 

1060.  Nothing  is  known  respecting  the  Sulphite  or  the  Hyposulphite 
of  Arsenic. 

1061.  Sulphuric  acid  is  slowly  decomposed  when  boiled  upon  arsen- 
ic. Sulphurous  acid  is  evolved,  and  difficultly  soluble  crystalline 
g;raio8  of  sulphate  of  arsenic  are  deposited  as  the  solution  cools. 

1062.  Phosphuret  of  Arsenic  is  formed  by  heating  the  metal,  or  its 
oxide,  with  phosphorus  ;  it  is  grey  and  brittle.  . 

1063.  Neither  the  Hypopluutphite  nor  Phosphite  of  Arsenic  have  been 
examined. 

1064.  Phomkate  of  Arsenic  is  formed  in  difficultly  soluble  crystalline 
grains,  by  boiling  white  arsenic  in  phosphoric  acid. 

1066.  There  appears  to  be  no  Carbonate  of  Arsenic, 

1066.  Arsenic  forms  alloys  with  most  of  the  metals,  and  they  are 
generally  brittle.  With  potassium  it  forms  a  brownish  compound, 
which,  when  put  into  water,  evolves  less  hydrogen  than  pure  pptas- 
sium,  in  consequence  of  the  formation  of  hydruret  of  arsenic.  With 
sodium^  the  alloy  is  either  brown  and  of  an  earthy  aspect,  or  grey  and 
metallic,  according  to  the  proportions  of  the  metals :  water  acts  upon 
it  as  upon  the  former.  (Gay-Lvssac  and  Thevard,  Recherches  Physico- 
C3umipiesy  Tom.  i.)  The  alloy  of  arsenic  and  manganese  is  not 
known.  With  iron,  zinc,  and  tin,  it  forms  white  brittle  compounds ; 
with  copper  it  forms  a  white  malleable  alloy ;  with  lead,  a  brittle  com- 
poond  of  a  lamellar  texture ;  with  antimony,  the  alloy  is  brittle,  hard, 
and  very  fusible.  It  combines  with  bismuth,  and  probably  with  cobalt, 
hut  these  alloys  have  not  been  examined. 

1067.  The  separation  of  arsenic  from  other  metals  may  generally 
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be  accomplished  bj  deflagration  with  nitre,  by  which  it  is  acidified,  mid 
the  arseniate  of  potaasa  may  afterwards  be  washed  out^y  hot  water. 

1068.  As  arsenic,  either  accidentally  or  intentionally  ts^en,  is  a 
very  frequent  cause  of  death,  and  often  the  subiect  of  judicial  inquiry, 
it  becomes  of  importance  to  point  out  the  most  effectnal  modes  of  dis- 
covering its  presence.  Where  arsenic  proves  fatal,  it  is  very  sddom 
found  in  the  contents  of  the  stomach  after  death,  but  is  generally  pre- 
viously voided  by  vomiting  or  by  stool ;  and  we  often  can  detect  it  in 
the  matter  thrown  off  the  stomach,  in  the  form  of  a  white  powder, 
subsiding  in  water.  The  inflammation  of  stomach  which  results  b  gen- 
erally a  secondary  effect,  and  takes  place  equally,  whether  the  poison 
be  swallowed  or  applied  to  a  wound. 

If  minute  quantities  of  white  powder  be  detected,  however,  in  the 
stomach  aft«r  death,  or  in  the  matter  vomited,  it  is  to  be  carefidly  col- 
lected, and  treated  as  follows : 

(a.^  Mix  a  small  portion  of  it  with  about  two  parts  of  black  flux ; 
introduce  the  mixture  into  a  glass  tube,  and  graduaUy  heat  it  red*hot 
in  the  flame  of  a  spirit-lamp.  If  arsenic  be  present,  a  Hed-eohured 
ntblimaie  will  attach  itself  to  the  cooler  part  of  the  tube,  which,  heat- 
ed in  contact  of  air,  evaporates  in  a  ^ite  imokiy  ttrmgly  nnMn^  of 
garlic, 

(6.)  Boil  the  suspected  matter  in  a  little  distilled  water :  and  when 
the  s<4ation  has  cooled,  add  a  few  drops  of  solution  of  sulpbnretted 
hydro«n.     If  arsenic  be  present,  a  yellon  prtctpitatt  will  appear. 

(c)  To  the  solution  b  add  a  drop  of  solution  of  subcarbonate  of  po- 
lassa  and  then  a  drop  or  two  of  solution  of  sulphate  of  copper.  An  op- 
pU'green  precipitate  indicates  arsenic. 

(9.)  Add  to  the  solution  b  a  drop  of  nitrate  of  silver,  and  of  solution 
of  ammonia.     A  yellow  precipitate  indicates  arsenic. 

It  must  be  observed  in  regard  to  these  tests,  that  tte  first  only  is  un- 
equivocal, and  that  the  appearances  produced  by  the  others  may  ori- 
ginate from  the  presence  of  other  substances.  When,  however,  al 
the  above  appearances  ensue,  no  doubt  of  the  existence  of  arsenic  can 
be  entertained.  The  several  precipitates  should  be  collected,  and  will, 
when  placed  upon  a  red-hot  iron,  exhale  the  peculiar  smell  of  arsenic, 
The  reader  is  referred  for  further  particulars  on  this  subject  to  Hex- 
ey's  EUmentB  of  Chemiitry,  Vol.  ii.  p.  490,  8th  edit. :  to  Mviuut's 
System^  Vol.  iii.  p.  441,  4th  edit.  :  to  Dr.  Bostock's  Paper,  in  the 
Edinb,  Med.  and  Surg.  Journal,  Vol.  v.  p.  166  :  to  Mr.  Husrc's  Elssay, 
in  the  PhU.  Mag.  Vol.  xxxiii. ;  and  London  Med.  and  Pky$,  Joumd, 
Vol.  xxiii.  :  to  Dr.  Marckt's  Paper,  in  the  Medico-Ckirurgical  Trant- 
actions.  Vol.  ii. ;  and  to  Mr.  Sylvester's  ObservativHs,  in  Niceot- 
son's  Journal,  Vol.  xxxiii. 


Section  XXIV.     Molybdenum. 

1069.  The  sulphuret  is  the  most  common  natural  compound  of  this 
metal.  To  procure  the  metal,  the  native  sulphuret  is  powdered  and 
exposed  under  a  red  hot  muffle,  till  converted  into  agrey  powder,  which 
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is  to  be  digested  in  ammonia,  and  the  solution  filtered  and  evaporated 
to  dryness.  The  residaum  is  dissolved  in  nitric  Bcid»  re-evaporated  to 
dryness,  and  violently  heated  with  charcoal.  The  metal  is  of  a  whit- 
ish grey  colour,  and  of  excessively  difficult  fusion.  According  to  Hielm, 
its  specific  gravity  is  7.4 ;  accoiding  to  Bucholz,  it  is  as  high  as  8.6. 

1070.  Mdybdenwm  and  Oxygen, — When  exposed  to  heat  and  oxy- 
gen molybdenum  is  acidified,  a  white  crystalline  sublimate  of  tnolybdic 
actVI  being  formed. 

There  are  two  other  compounds  of  molybdenum  With  oxygen  ;  the 
one  brownish  black,  obtained  by  heating  molybdic  acid  with  charcoal ; 
the  other  blue^  and  procqred  by  immersing  tin  in  solution  of  molybdie 
acid; 

the  black  oxide  consists  of  47  M.  -{*    8  oxygen 

the  blue  (molybdous  acid^  47  M.  -f"  1^ 

the  white  (molybdic  acid)  47  K.  +  24 

tfr.  Hatchett,  in  bis  Etp^rimenU  on  th$  native  ItMybdait  ofhtad. 
concludes  the  metal  to  be  susoeptible  of  four  degrees  of  oxidizement 
-^PkU.  TrojM,,  1796. 

Tbe  above  numbers  are  taken  from  the  analyses  of  Buchok,  correct- 
ed by  some  experiments  of  my  own,  on  the  molybdic  acid ;  our  results 
are  very  nearly  similar. 

1071.  To  obtain  molybdie  acid,  the  native  sulphuret  should  be  tri- 
turated, to  reduce  it,  as  fiir  as  possible,  to  powder,  and  distilled,  with 
three  or  four  parts  o{  nitre  acid,  to  dryness.  This  operation  should 
be  repeated,  till  the  ore  is  converted  into  an  uniform  white  mass,  which 
consists  of  molybdic,  nitric,  and  sulphuric  acids ;  the  two  latter  may 
be  expelled  by  a  red  heat,  in  a  platinum  crucible,  and  the  remaining 
molybdic  acid  repeatedly  washed  with  boiling  water,  in  which  it  is  little 
sohible,  will  be  nearly  pure.  It  may  be  rendered  perfectly  pare  by 
solution  in  ammonia,  precipitation  by  nitric  acid,  and  exposure  to  heat. 

107S.  The  molybdic  acid,  thus  procured,  is  a  white  powder,  of  the 
specific  gravity  of  3.46,  and  requiring  960  parts  of  boiling  water  for  its 
solution,  wbich  is  yellow,  reddens  litmus,  but  has  no  sour  taste.  Heat- 
ed to  redness  in  an  open  vessel,  it  slowly  sublimes,  and  condenses  in 
brilliant  yellowish  scales.  It  dissolves  in  hot  sulphuric  acid,  forming  a 
solution,  which  is  colourless  while  hot,  but  on  cooling  acquires  a  blue 
colour,  which  is  heightened  by  the  addition  of  soda.  Its  muriatic  solu- 
tion is  pale  yellowish  green,  but  becomes  blue  when  saturated  by  potas- 
sa.— Hatchett,  Phil.  Trans.  1796. 

1073.  Mobybdate  of  Ammonia  b  not  crystalHzable,  and  when  heated 
to  redness  the  ammonia  is  driven  ofi",  and  the  acid  converted  into  oxide 
of  molybdenum.— -BvcBOLZ,  Gehlen^s  Journal,  iv.  616. 

1074.  Molybdate  of  Potassa  is  formed  by  digesting  the  acid  in  potas- 
ss  ;  or  by  heating  to  redness  two  parts  of  nitre  with  one  of  molybdic, 
acid,  and  lixiviating  the  mass.  The  solution  yields  small  rhomboidal 
crystals  by  evaporation,  and  affords  a  precipitate  of  molybdic  acid,  to 
mtiriatic,  nitric,  and  sulphuric  acids. 

1075.  Molybdate  of  Soda  is  more  soluble  than  molybdate  of  potassa, 
and  furnishes  permanent  and  transparent  crystals.  In  obtaining  both 
these  salts,  a  deposit  of  a  yellowish  powder  ensues,  which  is  probably 
a  bimolybdaU  of  potassa  and  of  soda. 

1076.  Native  Molybdate  of  Lead  occurs  principally  in  crystals  of 
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different  shades  of  yellow.  It  was  first  discovered  Id  Carinthia,  and 
has  since  been  found  in  Mexico,  Hungary,  and  Saxony.  According  to 
Mr.  Hatchett's  analysis  {Phil.  Trans.  1796,)  it  contains  38  molybdic 
acid  +  58.4  oxide  of  lead ;  and  these  numbers  closely  correspond  with 
its  theoretical  composition,  which  shonldbe  1  proportional  of  molybdic 
acid  =  71  +  1  proportional  of  oxide  of  lead  ^112. 

1077.  Molyhdate  of  nlver^  of  mercury  ofleady  and  ofmckely  maybe 
procured  by  adding  molybdic  acid  to  the  respective  nitrates  of  those 
metals. 

The  remaining  raolybdates  have  either  not  been  examined,  or  the 
accounts  of  their  properties  nre  too  much  at  variance  to  be  depended 
upon. 

1078.  Sulphurei  of  Moltfidenum  is  a  sectile  compound  of  a  metallic 
lustre,  composed  of  47  M.  +  32  S. 

The  native  ndphuret  is  found  in  Bohemia,  Sweden,  and  near  tfoot 
Blanc,  disseminated  in  a  grey  granite.  It  has  been  found  in  Eng^nd, 
chiefly  in  Cornwall ;  and  in  Scotland,  in  Invemess«shire.  It  rarely  oc- 
curs x^rystallized ;  generally  massive,  and  made  up  of  easily  separable 
laminae.  It  is  soft  and  unctuous  to  the  touch,  and  in  colour  mack  like 
lead.  It  is  found  exclusively  in  primitive  rocks ;  generally  in  granite, 
and  with  quartz. 

1079.  Little  is  known  concerning  the  salts  of  molybdenum. 


Section  XXV.    Chromium, 

1080.  Chromi  VM  was  discovered  by  Vauquelin  in  4  797.  It  may  be  ob- 
tained by  intensely  igniting  its  oxide  with  charcoal.  Its  colour  resem- 
bles that  of  iron,  and  its  specific  gravi^  is  6.9.  It  is  brittle  and  difficult 
of  fbsion.  • . 

1081.  Chromium  and  Oxygen.-^Whea  chromiam  is  exposed  to  the 
action  of  heat  and  air,  it  combines  with  oxygen,  and  a  green  protoxide 
is  obtained.    This  oxide  easily  dissolves  in  adds. 

1082.  Native  Protoxide  of  Chromium  has  been  found  in  France,  in 
the  department  of  the  Rhone,  in  the  fonn  of  a  green  incrostation.  U 
is  the  colouring  matter  of  the  emerald,  and  exists  in  a  few  otiier  mine- 
rals. 

1083.  When  nitrate  of  chromium  is  decomposed  at  a  red  heat,  am  in- 
soluble broton  deutoxide  is  formed.  It  does  not  dissolve  in  the  ncids ; 
but  when  heated  with  muriatic  acid,  chlorine  is  evolved,  and  a  muriate, 
containing  the  protoxide,  is  formed. 

1084.  Peroxide  of  Chromium^  or  Q^romic  aeid^  is  most  easily  procur- 
ed by  the  decomposition  of  the  native  c^roniafe  of  lead,  which  may  be  ef- 
fected by  reducing  it  to  a  very  fine  powder,  and  boiling  it  in  a  aolutkm 
of  potassa  or  soda.  An  orai^-coloured  solution  of  the  alcnline  chro- 
mate  is  thus  formed,  to  which  sulphuric  acid  is  to  be  added.  On  eTS- 
poration  chrvstals  of  chromic  acid  are  formed,  along  with  the  sulphate 
of  soda  or  ot  potassa.  Or  the  acid  may  be  obtained  by  adding  nitrate 
of  baryta  to  the  chronkate  of  potassa,  and  subsequently  decomposing  the 
chromate  of  baryta  which  falls,  by  sulphuric  acid. 


1085.  Chromic  acid  may  also  be  procured  bj  the.  following  process 
from  native  chramate  of  tron,  which  is  a  more  ctoimon  mineral  thaa 
the  chromate  of  lead.  Redace  it  to  a  fine  powder,  and  expose  itio  a 
red  heat  for  two  hours,  mixed  with  half  its  weight  of  nitre ;  wash  the 
contents  of  the  cnicible,  and  add  to  the  hziyimn  nitric  acid  sufficient  to 
neatralize  the  excess  of  potassa :  in  this  way  a  solution  of  nitrate  and 
of  chromate  of  potassa  is  obtained.  Upon  adding  nitrate  of  mercury  to 
this  solution,  chromate  of  mercuthf  is  precipitated  in  the  form  of  a  red 
powder^  which,  when  washed,  dried,  and  heated,  is  decomposed,  and 
either  chromic  acid  or  oxide  is  obtained. 

1086.  Chroiuic  acid  is  of  a  red  colour ;  its  taste  is  sour  and  metal- 
lic, and  it  may  be  obtained  from  its  aqueous  solutions  in  prismatic  crys* 
tals,  of  a  ruby  colour.  When  heated  red  hot,  it  gives  out  a  portion  of 
oxygen,  and  becomes  the  green  protoxide ;  it  imparts  colour  to  the 
mbj. 

1087.  ffative  Ckromaie  of  Iron  has  been  found  in  small  crystalline 
grains,  of  an  octoedral  form.  It  commonly  occurs  massive,  of  a  black 
colour,  with  a  slight  metallic  lustre,  and  hard  enough  to  cut  glass.  It 
has  been  found  in  Siberia,  France;  axul  America,  and  promises  to  become 
useful  in  the  aits,  as  a  source  of  some  fine  pigments. 

10B8.  J^aiive  chromatt  of  Lead  is  a  very  rare  mineral,  hitherto  only 
found  in  the  Uralian  mountains  in  Siberia  ;  it  occurs  in  prismatic  crys- 
tals, of  a  fine  orange  red  colour,  and  is  occasionally  accompanied  by 
amall  green  crystals,  supposed  to  be  diromiU  of  lead^  or  a  combination 
of  ox^e  of  chrome  and  oxide  of  lead* 

1099.  Satis&ctory  ejl^erimeots  on  the  composition  of  the  oxides  of 
chromium  ar^  still  wanting. .  According  to  Vauquelin,  chromate  of 
baryta  consists  of  62,2  baiyta  +  37.4  chromic  acid,  or,  speaking  in 
the  equivalent  numbers  adopted  in  this  work,  of  1  proportional  of 
baryta  3=  78  +  I  proportional  of  chromic  acid  46.9. 

According  to  Berzetius,  the  green  oxide  of  chromium  contains  half 
the  quantity  of  oxygen  existing  in  the  chromic  acid.  If,  therefore^  the 
latter  be  regarded  as  a  deutoxide,  the  number  30.9  will  represent 
chromium,  and  protoxide  of  chromium  would  consist  of  30.9  chro- 
mium +  8  oxygen ;  and  chromic  acid  of  30.9  chromium  +  16  oxy- 
gen. 

1090.  The  chromates  of  ammonia,  potassa,  soda,  lime,  and  magne- 
4a  are  soluble  and  crystaUizable,  and  of  an  orange  colour.  The 
rhromates  of  baryta  and  strontia  are  difficultly  soluble,  and  may  be 
formed  by  adding  chromate  of  potassa  or  soda  to  their  soluble  sahne 
compounds.  The  other  insoluble  metallic  chromates  may  be  formed 
in  the  same  way,  and  their  colours,  which  are  various  and  beautiful* 
often  enable  us  to  Judge  of  the  nature  of  the  metal  present  Thus 
chromate  of  soda  forms  insoluble  precipitates  in  solutions  of  silver, 
mercury,  lead,  copper,  iron,  and  uranium  ;  the  colours  are  crimson, 
red,  orange  or  yellow,  apple-green,  brown,  and  yellow.  It  forms  no 
precipitate  in  solutions  df  nickel,  zinc,  tin,  cobalt,  gold,  or  platinum  ; 
whence,  perhaps,  it  may  be  inferred,  that  the  chromates  of  the  latter 
metals  are  soluble. 

The  chromates  are  decomposed  by  muriatic,  nitric,  and  sulphuric 
acid&w  Muriatic  acid,  heated  with  the  chromates,  evolves  chlorine, 
the  chromic  acid  being  reduced  to  the  state  of  oxide. 

The  most  correct  dotaik  respecting  the  chromates  that  have  be^u 
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p«Mwbe4,  arc  to  be  found  in  VauqneUn's  Esaa^.— Ji»fiale«  dt  Cbimie, 

1091.  The  green  oxide  of  chrominm  is  occasionally  used  in  porce- 
lain and  enamel  painting  ;  and  the  artificial  chromate  of  lead  forms  a 
rich  and  durable  yellow. 

The  remainii^  compounds  of  chromium  are  as  yet  unexammea. 


Section  XXVL    Tungsten. 

1092.  This  metal  is  obtained  by  exposing  a  mixture  of  tungstic  add 
and  charcoal  to  a  strong  heat.  It  is  difficult  of  fusion,  very  hard,  brit- 
Ue,  and  of  an  iron  colour.  Its  specific  gravity  17.5.  By  the  action  of 
heat  and  air,  tungsten  is  converted  into  an  oxide,  which  is  of  a  yellow 
colour.    It  has  been  called  by  some  Sckeelium,  by  others  wdframum, 

1093.  Peroxide  of  Tungsten.oT  TwifUic  Acid,  maybe  obtained  from 
two  natire  cumtrtnafions ;  the  one  called  wo^ram,  tlie  oiher  t^a^tUOe  of 

Wolfram  is  found  in  primitive  countries  generally  accompanying 
tin  ores ;  its  colour  is  brownish  black ;  it  occurs  massive  and  ciystal- 
lized,  its  primitive  form  being  a  rectangular  paralielopiped.  It  abounds 
in  Cornwall.  It  consists  of  tungstic  acid  umted  with  oxides  6f  iron,  and 
and  manganese.  It  may  be  decomposed  by  ignition  with  three  times  its 
weight  of  nitre  ;  the  fused  mass,  ^^sted  in  boiling  water  and  filtered, 
furnishes  a  solution,  which  upon  the  addition  of  muriatic  acid,  gives  a 
precipitate  regarded  by  Scheele  as  tungstic  acid,  but  which  in  fact  is  a 
compound  of  muriatic  aad  tungstic  acids  and  potasaa.  Dissolve  this  in 
boiling  carbonate  of  potasaa,  precipitate  by  muriatic  acid,  wash  the 
precipitate,  and  digest  it  in  nitric  acid.  Then  wash  and  dry  it,  andit  is 
pure  tungstic  acid. — ^Bvcholz,  as  quoted  hj  Thomsoh,  Sn^nkmy  ii- 122. 

1094.  NoiHvt  Ttmgstaie  of  Lime  is  a  whitish  semi-tirans^areiit  sab- 
stance,  found  in  England,  Saxony,  Bohemia,  and  Sweden,  and  occamiig 
crystallized  and  massive.  Its  most  usual  form  is  the  octoedron.  U 
may  be  decomposed  by  fusion  with  four  parta  of  carbonate  of  potassa, 
the  fused  mass  is  digested  in  about  twelve  parts  of  boiling  water,  and 
filtered.     Nitric  acid  precipitates  the  peroxide. 

1095.  TungHic  Add,  or  Peroxide  rf  Tw^iten,  is  tasteless  and  insol- 
uble in  water ;  its  specific  gravity  is  6.  When  violently  heated  it  be- 
comes green,  grey,  and  black,  probably  from  the  loss  of  oxygen.  It 
combines  with  several  of  the  metallic  oxides,  and  was  found  by  Guytoo 
to  give  considerable  permanence  to  vegetable  colours  ;  hence  it  pro- 
bably might  prove  useful  in  the  art  of  dyeing,  were  it  more  abundantlj 
procurable. 

According  to  Dr.  Thomson  (SyUens  VoLi.  p.  653,)  tmigsticacitfisa 
compound  of  ^^ 

Tungsten  100 
Oxygen       25 


and  he  regards  it  as  coDtaining  one  pro]^rtionaI  of  metal  and  three 


ot 
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oxygen.     Upon  these  data  the  number  90  woald  represeBt  tuBgsten  and 
the  peroxide  would  contain. 

96    tungsten    (one  proportional) 
24    oxjrgen      (three  proportionals) 

120    tungstic  acid. 

And  tuDgitate  of  lime  would  consist  of 

]  proportional  of  tungstic  acid  ae  ISO 
1  -; lime =     28 

148 

but  this  does  not  agree  with  Klaproth's  experiments,  who  found  tung- 
state  of  lime  to  consist  of 

77.5  acid 
22.5  lime 

100 

though  it  is  consistent  with  Berzelius's  statement,  as  reported  by  Thorn-  . 
souy  and  which  probably  is  founded  on  calculation. 

Some  of  the  tunffstates  have  been  examined  by  Scheele,  and  others 
by  Vauquelin  and  Hecht  (Journal  des  Mines ^  No,  19,)  but  their  history 
remains  very  imperfect.  - 

1096.  ^ngstaie  of  Ammonia  is  procured  in  crystalline  scales,  of  a 
metallic  taste,  by  digesting  the  acid  in  ammonia  or  its  carbonate.  It 
contains,  according  to  Vauquelin,  78  of  acid,  and  22  ammonia  and  wa* 
ter. 

1097.  7\ingstate  of  Potaua  is  uncrystallizable  and  deliquescent. 
The  acids  occasion  precipitates  in  its  solution,  which  are  triple  com-  , 
pounds  of  tungstic  acid,  potassa,  and  the  acid  used  as  precipitant.  The 
Jfitrotungiiate  of  Potassa  is  the  salt  originally  described  by  Scheele  as 
tungstic  acid,  it  dissolves  in  20  ports  of  water,  at  212^,  and  reddens 
htmus. 

1098.  TungstaU  of  Soda  crystallizes  in  hexa^dral  tables,  soluble  in 
4  of  cold,  and  2  parts  of  boiling  water,  and  of  an  acrid  taste.  Sul- 
phuric, nitric,  and  muriatic  aci£  occasion  precipitates,  as  in  the  tungs- 
tate  of  potassa. 

1099.  T^tngsUtU  of  Idme,  of  Baryta^  and  of  Strong,  are  insoluble 
white  compounds. 

1100.  TtmgHatt  of  Magnuia  is  obtained  by  boiling  the  acid  with 
ma^ieaia,  filtering,  and  eviiporating ;  it  cjstallizes  in  pearly  scales. 
The  acids  fHroduce  precipitates  of  triple  compounds  in  its  solution. 

1101.  TungstaU  of  Manganese^  formed  by  adding  tungstate  of  po- 
tassa to  muriate  of  manganese^  is  an  insoluble  white  powder  {John^ 
GtkUn^s  Journal,  iv.)  Tungstaie  of  Iron  is  also  insoluble  :  Tungstau 
of  Zinc  and  of  Tin  have  not  been  examined,  nor  have  any  of  the  re- 
remaiiling  tungstates  been  exammed  in  their  pure  state. 

The  remaining  compounds  of  tun|^ten  have  scarcely  been  mviesti' 
gated,  and  appear  of  little  interest  or  importance. 


27g  COLVUBkH'oW   P0TAS6A- 


Section  XXVII.    Columbtum. 

not.  This  metd  was  first  discovered  by  Mr.  Hatcbett  in  a  mineral 
from  Nortb  America.  It  is  found  combined  with  the  oxides  of  iron  and 
manganese,  and  also  with  yttria,  in  the  minerals  c^led  iantdite  and 
yUrO'tantaliie,  ^         ,  . 

1 103.  Tantalite  is  chiefly  found  in  octoedral  crystals,  and  m  masses 
of  a  black  or  grey  colour,  in  Finland.  Its  specific  gravity  is  7.9,  and  it 
contains,  according  to  Ekeberg, 

80  oxide  of  columbium 
12  oxide  of  iron 
8  oxide  of  manganese. 

1104.  Yttro-tantolitc  is  found  in  Ytterby,  in  Sweden.  It  contains 
about  46  per  cent,  of  oxide  of  columbium.  Its  colour  is  dark  grey,  its 
lustre  shining  and  somewhat  metallic.  %*  ri.  v 

1 106.  Columbium  was  discovered  in  these  minerals  by  M.  Ekeberg, 
and,  considering  it  as  a  new  metal,  he  called  it  tantalum.  In  1809  {Thd, 
Tram.)  Dr.  WoUaston  examined  these  and  the  original  mineral  m  the 
British  Museum,  and  demonstrated  the  identity  of  columbium  and  tan- 
talora.  As  the  former  name  was  given  to  this  body  by  its  original  dis- 
coverer, it  is  here  retained.  > 

1106.  Columbium  may  be  procured  from  columbite  or  taAJalite,  by 
the  following  process :  Mix  6  parts  of  the  finely -powdered  mineral  with 
«6  of  carbonate  of  potassa,  and  10  of  borax ;  fuse  the  mixture,  and 
when  cold  digest  it  in  muriatic  acid ;  this  dissolves  every  thing  except 
the  oxide  of  columbium,  which  remains  in  the  form  of  a  white  powder 
(WoLLASToii,  Phil.  Tram.  1809,  p.  248.).  From  6  grains  of  colum- 
bite. Dr.  Wollaston  obtained 

Oxide  of  columbium    4  grainy 

iron J 

nianganeae     ^ 

From  5  grains  of  tantalite  he  procured 

Oxide  of  columbium  4^  graiu§ 

iron \ 

manganese    -^y 

1 107.  Berzelius  is  the  only  person  who  has  obtained  metaUic  colnoi' 
bium.  He  describes  it  as  having  the  c^ur  of  iron,  very  hard  aod 
brittle,  and  burning  at  a  red  heat  into  a  whitish  oxide. 

1108.  The  characters  of  white  oxide  of  columbium  are  very  well 
marked.  It  is  nearly  insoluble  in  muriatic,  nitric,  and  sulphuric  acids ; 
it  is  very  soluble  in  potassa,  and  carbonate  of  potassa ;  8  grains  of  the 
latter,  fused  with  1  of  the  oxide,  render  it  soluble  in  water^  It  is  moch 
less  soluble  in  soda,  and  only  retained  while  hot  From  the  readiness 
with  which  this  oxide  combines  with  potassa,  Mr.  Hatcbett  t:alled  it  cp- 
lufMc  acid. 

1109.  Columbatc  oJFoiwa,  as  appears  from  Mr.  Hatchctt's  expcn- 
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ments,  formft  white  glitteriiig  scales,  like  boracic  acid*    Acids  pr^dpi- 
tate  the  columbic  acid  frmn  this  solution. 

1 1 10.  InfasioD  of  galls,  added  to  the  solution  of  columbate  of  potas- 
sa  produces  a  very  characteristic  orange-coloured  precipitate.  Nei- 
ther Jbrro-cymate  ol  potassa,  nor  hydrosulpburets,  occasion  any  change. 

There  is  a  character  rery  peculiar  to  the  oxide  of  columbium,  which 
13  its  ready  sohibiUty,  in  tartaric,  citric,  and  oxalic  acids.  In  all  these 
cases  the  newly  precipitated  oxide  must  be  used,  for  when  dried  it  be- 
comes very  intractable* 

1111.  According  to  Berzelius,  100  parts  of  columbium  combine  with 
5.486  (rf* oxygen ;  so  that  Uie  representative  of  the  metal  in  our  num- 
bers will  be  145.8,  and  of  the  oxide  145.8  +  8  s  153.8— Thomson^ 
Vol.  i.  p.  558. 

The  remaining  properties  of  columbium  have  not  been  investj^ed. 


Section  XXVlll.    JVicU. 

1 1 12.  Nickel  is  found  native ;  combined  with  arsenic  ;  and  with  ar« 
senic  acid.  It  is  procured  pure  by  the  following  process  :  Dissolve 
the  impure  metal,  sold  under  the  name  ofSpetsg,  in  sulphuric  acid,  by 
adding  the  quantity  o£  nitriq  acid  necessary  to  produce  the  solution. 
Concentrate  this  solution,  and  set  it  aside ;  fine  green  crystals  of  sul- 
phate of  nickel  make  their  appearance.  Proceed  in  this  manner  till 
you  have  obtained  a  sufficient  quantity  of  crystals.  Dissolve  them  in 
water,  and  crystallize  a  second  time^  If  they  be  now  dissolved  in  wa- 
ter, and  decomposed  by  an  alcali,  pure  oxide  of  nickel  will  fall.  Mix 
it  with  3  per  cent,  of  resin,  make  it  into  a  paste  with  oil,  and  expose  it 
to  the  most  violent^eat  of  a  forge,  in  a  charcoal  crucible.  A  button  of 
pore  nickel  will  be  obtained. — Thomson's  System^  i.  391. 

1 1 13.  Nickel  is  a  white  metal,  which  acts  upon  the  magnetic  needle, 
and  is  itself  capable  of  becoming  a  magnet.  It  is  difficultly  fusible,  but 
absorbs  oxygen  readily  when  heated  red-hot.  It  is  malleable,  and  it^ 
specific  gravity  is  about  8.5. 

1114.  Oxide  of  Nickel  is  obtained  by  adding  potassa  to  ike  solution 
of  the  nitrate ;  a  precipitate  fells  of  a  pale  green  colour  which  is  a  hy- 
drate j  or  compound  of  oxide  of  nickel  with  water ;  this  heated  to  red- 
ness, affords  a  grey  oxide,  consisting,  according  to  Tuputi  (.Annales  de 
Cymie,  Ixxx.)  of  100  metal  +  27  oxygen ;  or,  in  our  equivalents,  of 
29.63  nickel  +  8  oxygen  =  37.63*. 

This  protoxide  of  nickel  easily  dissolves  in  ammonia  forming  a  sap- 
phire blue  solution ;  this  property  is  often  made  use  of  to  separate  ox- 
ides of  nickel  and  iron,  the  latter  being  insoluble  in  ammonia. 

1115.  According  to  Thenard,  if  chlorine  be  passed  through  a  mixr 


•  Bnndt  has  gWen  no  i^aaon  wb J  he  prefen  Tnpoti's  expeninents  to  t^ 


npT,  Klapmh,  £c.  who  Kspeethrdy  rire  26.  28.3  uid  32.5  tor  tfie  oxygen  united  to  100  metal. 
Thontfon  in  hb  chcmiitry  dedoces  ttie  atom  of  nickd  from  Tuputi'a  composition  of  the  «l- 
fhate,  and  makes  it  28  when  h7drogeo»l,  Bnt  (he  atom  deduced  from  the  chloride  igMlsnl- 
1^M»  hem  givent  is  almost  exiMcilsr^;^^. 


tlS  SVLPRATE   OF   AMMOKIA  AVO  KJCKEL. 

fore  of  the  hydrate  of  nickel  and  water,  a  black  per&xide  is  formed^ 
which,  when  acted  upon  by  the  acids,  evolves  oxygen,  aftd  retams  to 
the  state  of  protoxide, 

1116.  Chloride  of  M'cibc/.*^When  nickel  is  heated  in  chlonoe  a  cJUo- 
ride  results.  This  compound  may  also  be  obtained  by  heating  moriate 
of  nickel  to  redness  in  a  glass  tube ;  a  yellow  scaly  body  is  obtained, 
consisting  of  55.5  nickel  +  67  chlorine,  or  29.8  (1  proportional  nickel) 
+  36  (1  proportional  chlorine.) 

1117.  Muriate  of  Nickel,  formed  by  dissolving  the  oxide  or  carbo- 
nate of  nickel  in  muriatic  acid,  is  obtained  by  evaporation  in  a  confju- 
cdly  crystalline  mass,  of  an  apple-green  colour  and  sweetish  taste ;  it 
is  soluble  in  about  2  parts  of  water  at  60^. 

1118.  Chlorate  of  J^TickeL — Not  examined. 

1119.  Iodide  of  Nidcal  may  be  formed  by  adding  solution  (ffbyirkh 
date  of  potassa  to  sulphate  or  nitrate  of  nickel ;  it  is  of  a  greenish  yel- 
low colour,  and  insoluble. 

1 120.  lodate  of  Nickel  has  not  been  examined. 

1121.  Nitrate  of  Nickel  is  a  green  deliquescent  salt,  difficultly  cijs- 
tallizable  in  rhomboids.  The  analyses  of  this  salt  are  much  at  variance, 
but  it  probably  consists  of  1  proportional  of  each  of  its  compooeolB,  or 

37.8  oxide  of  nickel 
54     nitric  acid 

91.8 
The  crystals  contain  3  proportionals  of  water. 

1 122.  By  adding  excess  of  ammonia  to  nitrate  of  nickel,  and  evapo* 
rating,  green  crystals  o{  ammonio^nitrcUe  of  nickel  Are  obtained,  the  so- 
lution of  which  affords  no  precipitate  with  potassa  or  soda. 

1123.  Sulphuret  of  Nickel  may  be  formed  by  fusion.  It  is  a  britUc 
yellow  compound. 

1 124.  Neither  the  Hypo$ulpite  nor  the  Sulphite  of  Nickel  have  been 
examined. 

1125.  Sulphate  of  Nickel  is  formed  by  digesting  the  o\ide  in  dilate 
sulphuric  acid.  A  bright  green  solution  is  formed,  which  aSfords  quad- 
rangular prismatic  crystals,  soluble  in  about  3  parts  of  water  at  SO^*, 
and  which  effloresce  by  exposure.  Their  taste  is  sweet  and  astringent. 
This  salt  is  also  obtained  by  heating  common  nickel  in  sulphuric  acid, 
with  the  occasional  addition  of  nitric  acid.  ( 1112.) 

The  crystallized  sulphate  of  nickel  contains  7  proportionals  of  water, 
afld  is  composed  as  follows  : 

1  proportional  of  oxide  ss  37.86 

1 Acid      =  40 

7 water  =  63 


140.86* 

1 126.  Sulphate  of  Ammonia  and  Nickel  is  formed  by  evaporating  21 
nixed  solution  of  ammonia,  and  sulphate  of  nickel ;  it  forms  four-aded 
prismatic  crystals. 


•  According  to  the  composition  of  die  sulbbate  as  detemuned  by  Tupati,  (aee  Thmnt»'i 
ehem,  artide  nickel)  ihe  acid  is  to  ^  mide  m  40 :  34.9,  and  not  as  40 :  37.96. 
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1 127.  Sulphate  offotasta  and  Nickel  is  obtained  by  adding  potassa  to 
ftolphate  of  nickel  (not  in  excess,)  filtering  and  evaporating.  It  forms 
{reen  rhomboidal  crystals.  ' 

1128.  Sulphate  of  Xikkel  and  Iron  is  formed  bv  dissolving  the  mix* 
ed  protoxides  m  salphnrie  acid.  It  is  a  green  efflorescent  salt,  in  ta* 
kular  crystals. 

1 129.  dolphnretted  hydrogen  and  hydrosulphuret  of  ammonia  pm- 
liuce  a  black  precipitate  oihydrottUpkuretied  oxide  of  nickely  when  add- 
ed to  the  solution  of  the  metel. 

1130.  Phosphvret  of  Nickel  is  a  brittle  whitish  compound. 

1 131.  Hffpophoiphite  and  Phosphite  of  Nickel  remain  unexamined. 

1132.  Phosphate  of  Nickel  being  nearly  insoluble,  is  precipitated, 
upon  adding  phosphate  of  soda  to  a  solution  of  nickel.  It  is  of  a  pale 
green  colour. 

1133.  Carbonate  of  Nickel  is  precipitated  in  the  form  of  a  green 
powder,  when  carbonate  of  potassa  is  added  to  sulphate  of  nickeL 
it  is  probably  a  compound  of  1  proportional  of  each  of  its  components, 

35.6  oxide  of  nickel 
2Q.7  carbonic  acid 

56.2 

1134.  Borate  of  Nickel  is  a  pale  green  insoluble  compound. 

1135.  Ferrocyanate  of  potassa  occasions  a  very  characteristic  pale 
grey  precipitate  in  dilute  solutions  of  nickel :  in  concentrated  sohitiooi 
the  precipitate  is  pale  green. 

1 136.  Arseniate  of  potassa,  dropped  into  nitrate  of  nickel,  occasions 
the  precipitation  of  a  pale  green  arteniate  of  nickeU 

1 137.  The  salts  of  nickel  are  distinguished  by  the  fine  green  colour 
of  their  solutions,  and  by  affording  a  green  precipitate  with  ammonia, 
aoluble  in  excess  of  that  alcali,  when  it  assumes  a  blue  colour.  The- 
yellow  green  precipitate  afforded  by  hydriodate  of  potassa  is  very 
characteristic  of  nickel ;  but  the  nicest  test  of  its  presence  is  the  fer* 
rocyanate  of  potassa,  which  produces  a  pale  g^ey  or  greenish  white 
precipitate  in  all  the  solutions  of  the  metal. 

1 138.  Of  the  Mloys  of  Nickel  there  is  one  which  requires  particu* 
lar  notice,  namely,  that  with  iron,  which  forms  the  principal  metallic 
ingredient  in  those  lapideous  masses,  wbich,*in  different  countries* 
have  &llen  upon  our  globe,  and  which  have  been  termed  aerolites^  or 
meteoric  atones.  Though  we  really  know  nothing  of  the  source  or  on-  ^^^ 
^  of  these  bodies,  it  has  been  ascertained  upon  the  most  satis&ctory 

and  indisputable  evidence,  that  they  are  not  of  terrestrial  formation ; 
and,  consequently,  since  men  began  to  think  and  reason  correctly, 
tlieir  visits  to  our  planet  have  awakened  much  specnlation,  and  some 
experimental  research. 

In  the  first  place»  it  deserves  to  be  remarked,  that  we  have  very 
distinct  evidence  of  the  falling  of  stony  bodies  from  the  atmosphere 
in  various  countries,  and  at  very  remote  periods.  For,  to  say  nothing 
of  the  Mulous  narrations  which  encumber  the  annals  of  ancient  Borne, 
or  the  extended  catalogue  of  wonders  flowing  from  the  lively  imagina- 
tion of  oriental  writers,  such  events  are  recorded  in  holy  writ,  and 
have  been  set  down  by  the  most  accredited  of  the  early  historians ; 
a|}d  although  philosopbiq  scepticism  long  contended  against  the  admii* 


f  80  itETBORIO  STOKfiil^ 

9100  of  tie  6ct,  it  has  id  modern  times  received  such  unanswerable 
proofe,  as  to  be  allowed  bj  all  who  have  candid)|r  considered  the  evi- 
dence, and  is  only  rejected  bv  the  really  ignorant,  or  by  those  who, 
for  the  sake  of  singularity,  affect  disbelief. 

The  6rst  tolerably  accurate  narration  of  the  &11  of  a  meteoric  stone 
relates  to  that  of  Ensisheim,  near  Basle,  upon  the  Rhine.  The  ac- 
count which  is  deposited  in  the  church  nins  thus  :  A.D.  1492,  Wed- 
nesday, 7  November,  there  was  a  loud  clap  of  thunder,  and  a  child 
saw  a  stone  fall  from  heaven  :  it  struck  into  a  field  of  wheat,  imd  did 
no  harm,  but  made  a  hole  there.  The  noise  it  made  was  heard  at  Lu- 
cerne, Tilling,  and  other  places  ;  on  the  Monday,  King  MaximiliaQ  or- 
dered the  stone  to  be  brought  to  the  castle,  and  after  having  conversed 
about  it  with  the  noblemen,  said  the  people  of  Ensisheim  should  hang 
it  up  in  their  church,  and  his  Royal  Excellency  strictly  forbade  any 
body  to  take  any  thing  from  it.  His  ExceUency,  however,  took  tiro 
pieces  himself,  and  sent  another  to  Duke  Sigismund  of  Austria.  This 
stone  weighed  255  lbs. 

In  1627, 27th  November,  the  celebrated  Gassendi  saw  a  burning  stone 
fall  on  Mount  Vaisir,  in  Provence  :  he  found  it  to  weigh  59  lbs. 

In  1672,  a  stone  fell  near  Verona,  weighing  300  &.  AndLocas^ 
when  at  Larissa,  in  1706,  describes  the  falling  of  a  stone,  with  a  load 
hissing  noise,  and  smelling  of  sulphur. 

In  September,  1753,  de  Lelande  witnessed  this  extraordinary  phae- 
nomenon,  near  Pont  de  Vesle.  In  1768,  no  less  than  three  stooea  fell 
in  different  parts  of  France.  In  1790,  there  was  a  shower  of  stones 
near  Agen,  witnessed  by  M.  Darcet,  and  several  other  respectable 
persons.  And  on  the  1 8th  of  December,  1 795,  a  stone  fell  near  Major 
Topham's  house,  in  Yorkshire  ;  it  was  seen  by  a  ploughman  aod  two 
other  persons,  who  immediately  dug  it  out  of  the  hole  it  had  buried 
itself  in  ;  it  weighed  56  lbs. 

We  have  various  other,  and  equally  satisfactory,  accounts  of  the  same 
kind.     All  concur  in  describing  a  luminous  meteor,  moving  through  the 
air  in  a  more  or  less  oblique  direction,  attended  by  a  hissing  noise,  and 
the  fall  of  stony  or  semi-metallic  masses,  in  a  state  of  ignition.    IVe 
have,  however,  evidence  of  another  kind,  amply  proving  the  peculiari- 
ties of  these  bodies.  It  is,  that  although  they  have  fallen  in  veiy  diffe- 
rent countries,  and  at  distant  periods,  when  submitted  to  chenucal  ana- 
lysis they  all  agree  in  component  parts  ;  the  metallic-  particles  being 
composed  chiefly  of  nickel  and  iron  ;  the  earthy,  of  silica  and  magnesia. 
1 139.  Large  masses  of  native  iron  (721)  have  been  found  in  differ- 
ent parts  of  the  world,  of  the  history  and  origin  of  which  notlung  very 
accurate  is  known.     Such  are  the  great  block  of  iron  at  Elbo^n,  in 
Bohemia ;  the  large  mass  discovered  by  Pallas,  weighing  1600  lbs.» 
near  Krasnorjaik,  in  Siberia  ;  that  found  by  Goldberry,  in  the  great 
desert  of  Zahra,  in  Africa ;  probably,  also,  that  mentioned  by  Mr.  Bar- 
row, on  the  banks  of  the  great  fish  river  in  Southern  Africa  ;  aD4 
those  noticed  by  Celis,  Bruce,  Bougainville,  Humboldt,  and  others  io 
America,  of  enormous  magm'tude,  exceeding  3Q  tons  in  weight.     That 
these  should  be  of  the  same  source  as  the  other  meteoric  stones,  seems 
at  first  to  startle  belief;  but  when  tbey  are  submitted  to  analysis,  and 
the  iron  they  contain  found  alloyed  with  nickel,  it  no  longer  seems 
credulous  <to  regard  them  as  of  meteoric  origin.    We  find  nothing  ^ii 
Ike  kind  in  the  earth. 


METEORIC   ST0NC3> 

11 40.  To  account  for  these  uncommoa  v»itations  of  metallic  and  Ja* 
pideouB  bodicis,,  a  variety  of  hypotheses  have  been  suggested: 

Are  they  merely  earthly  matter,  fused  by  lightning  ?  Are  they  the 
ofispring  of  any  terrestial  volcano  ?  These  were  once  favourite  notions  ; 
but  we  know  of  no  instance  in  which  similar  bodies  have  in  that  Way 
been  produced,  nor  do  the  lavas  of  known  volcanoes  in  the  least  resem- 
ble these  bodies  ;  to  say  nothing  of  the  inexplicable  projectile  force 
that  would  here  be  wanted.  This  is  merely  explaining  what  is  puz- 
zling, by  assuming  what  is  impossible  ;  and  the  persons  who  have  tak* 
en  up  this  conjecture,  have  assumed  one  impossibility  to  acctfuot  for 
what  they  conceive  to  be  another,  namely,  that  the  stony  bodies  should 
come  from  any  other  source  than  our  own  globe v 

The  notion  that  these  bodies  come  from  the  moon,  is,  when  impar- 
tially considered,  neither  absurd  nor  impossible.  >  It  is  quite  true,  that 
the  quiet  way  in  which  they  visit  us  is  against  such  an  origin  ;  it  seems, 
however,  that  any  power  which  would  move  a  body  6000  feet  in  a  se- 
cond, that  is,  about  three  times  the  velocity  of  a  cannon-ball,  would 
throw  it  from  the  sphere  of  the  moon's  attraction  into  that  of  our  earth. 
The  cause  of  tbis  projective  force  may  be  a  volcano,  and  if  thus  impel- 
led, the  body  would  reach  us  in  about  two  days,  and  enter  our  atmos- 
phere with  a  velocity  of  about  25000  feet  in  a  second.  Their  ignition 
may  be  accounted  for,  either  by  supposing  the  heat  generated  by  their 
motion  in  our.  atmosphere  sufficient  to  ignite  them,  or  by  considering 
them  as  connbustibles,  ignited  by  the  mere  contact  of  air. 

While  we  are  considering  the  possihility  of  these  opinions,  it  may  be 
remembered,  that  in  the  great  laboratory  of  the  atmosphere,  chemical 
changes  may  happen,  attended  b^  the  production  of  iron  and  other  me- 
tals ;  that,  at  all  events,  such  a  circumstance  is  within  the  range  of  pos- 
sible occurrei^ces  ;  and  that  the  meteoric  bodies  which  thus  salute  the 
earth  with  stony  showers,  may  be  children  of  the  air,  created  by  the 
union  of  simpler  forms  of  matter.  The  singular  relationship  between 
iron  and  nickel,  and  magnetism,  and  the  uniform  influence  of  meteoric 
phaeoomena  on  the  magnetic  needle,  should  be  taken  into  account  in 
these  hypotheses. 

1141.  Meteoric  stones  have  generally  an  uneven  black  surface,  and 
are  internally  of  a  grey  coV>ur  and  course  texture.  When  carefully 
examined^  they  appear  made  up  of  a  number  of  small  spherical  bodies 
and  metallic  grains  in^bedded  in  a  softer  matter,  composed,  accordifig  to 
Mr.  Howard,  {Phil^  Tran^.y  1802.)  of  silica,  magnesia,  and  iron  with 
a  little  nickel :  the  spherical  bodies  are  nearly  of  similar  composition  ; 
and  the  metallic  grains  are  partly  tneteoric  iron,  and  p^illy  the  same 
«fith  a  little  sulphur.  In  addition  to  these  substances,  Vauquelia 
found  2  per  ceM.  of  chrome  in  a  stone  which  fell  at  Langresi  in  1815» 
(.liui.  dt  Chim.  et  Phys,^  u  63.)  And  Stromeyer  detected  cobalt  in  the 
meteoric  iron  from  the  Cape  of  Good  Hope.  (Thomson *s  4nnal$^  ix.) 
Lime  and  alumine  have  also  been  found  ip  them,  and  a  small  proportion 
•f  manganese,  M.  Laugier  has  lately  announced  the  existence  of  a  mete- 
one  stone  without  nickel,  but  containing  chrome  ;  and  as  he  has  detect^ 
etf  the  latter  metal  in  all  the  aerolites  which  he  has  examined,  he  Gou* 
iiders  it  as  their  most  characteristic  ingredient. — Mem,  du  Muteum,  vi. 

1 142.  In  meteoric  iron  the  proportion  of  nickel  varies  considerably. 
In  a  specimen  from  the  Arctic  region  I  found  3,2p«r  cent,  {Quarterly 
Journal,  vi.  369.)     In  that  froin  Siberia,  Mr,  QhHii'm  fc«»d  O^arjy 
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10  per  cent.  Tlie  analysis  may  be  performed  by  solution  in  nilro- 
muriatic  acid  ;  the  iron  is  thrown  down  by  excess  of  ammonia  in  the 
state  of  peroxide,  of  which  100  grains  indicate  70  of  metallic  iron  ;  it 
is  separated  by  filtration,  washed  and  dried,  and  on  evaporating  the  fiU 
trated  liquor  and  heating  its  dry  residue  red-hot,  the  oxide  of  nickel 
is  obtained,  which  should  be  re-dissolved  in  nitric  acid  and  precipitated 
by  pure  potassa,  the  mixture  being  boiled  for  a  few  secimda.  100 
grains  of  Uiis  oxide  of  nickel  are  equal  to  79  of  metallic  nickel. — Chil- 
DREV,  QiMirleWy  /oumct/,  ix.  324. 

1143.  Meteoric  iron  has  been  imitated  by  fusing  iron  with  nkkel. 
The  alloy  of  90  iron  with  10  nickel  is  of  a  whitish  yellow  cast,  and 
not  so  malleable  as  pure  iron.  The  alloy  with  3  per  eeni,  4)f  nickel  is 
perfectly  malleable  and  whiter  than  iron.  These  alloys  are  less  dis- 
posed  to  rust  than  pure  iron*  but  nickel  alloyed  with  steel  increases 
the  tendency  to  rnst.~--STODART  and  Faraday,  Quarterly  Jcmrmd  oj 
Science  and  Art$^  ix. 

1144.  The  remaining  alloys  of  nickel  have  been  little  examined. 
Nothing  is  known  of  its  compounds  with  potassium,  sodium,  mnga* 
nese,  zinc,  or  tin*  With  copper  it  forms  a  hard  white  alloy,  whicii  ap- 
pears to  be  the  whiu  copper  of  the  Chinese,  Its  other  alloys  have  not 
been  examined. 


SfiCTiOH  XXIX.     Mercury, 

11 15.  The  principal  ore  of  this  metal  is  the  solpharet,  or  native 
cinnabar^  from  which  the  mercury  is  separated  by  dtstillatioa  with 
quicklime  or  iron  filings. 
charmctcn.  Mercury  is  a  brilliant  white  metal,  having  much  of  the  colour  of 
silver,  whence  the  terms  hydrargyrum^  argentum  vtotim,  and  quiduitver. 
It  has  been  known  from  very  remote  ages.  It  is  liquid  at  all  common 
temperatures,  solid  and  malleable  at— 40^,  and  it  boils  and  becomes 
vapour  at  about  670^.     Its  specific  gravity  is  13.5. 

1 146.  Mercury  is  sometimes  adulterated  with  the  aUoy  of  lead  and 
bismuth,  a  fraud  easily  detected  by  the  want  of  its  due  fluidity,  and  by 
its  not  being  perfectly  volatile,  but  leaving  a  residuum  when  boiled  in 
a  platinum  or  iron  spoon.  The  best  method  of  purifying  mercury  is 
to  re-distil  it  in  an  iron  retort. 

1 147.  Native  Mercury  occurs  in  small  fluid  globules,  in  most  of  ttte 
mines  producing  the  ores  of  this  metal. 

1148.  Mercury  and  Oxyget^^-There  are  two  oxides  of  mercury. 
The  black,  or  protoxide,  may  be  obtained  by  long  agitation  of  the  me- 
tal in  contact  with  oxygen,  or  by  washing  the  chloride  of  mercvrif 
(calomel)  with  hot  lime-water.  It  is  insipid,  and  insoluble  in  water, 
and  was  called  in  old  pharmacy,  Eihiop$per  ie. 

]  149.  The  red  w  pemxide  of  mercury  is  produced  by  exposing  the 
metal,  heated  nearly  to  its  boiling  point,  to  tiie  action  of  air.  It  be- 
comes coated  with  reddish  brown  scales,  spangles,  and  crystals,  and  is 
ultimately  entirely  converted  into  a  red  shining  mass,  called  in  old  phiir- 
Diaccutical  works,  precipitate  per  se,  or  calcined  mercury.     It  ii  tlie 
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h^drargyrL  ozydwrn  mhrtMi  of  the  present  London  Pharmacol 
ptna.  It  is  most  easily  obtained  by  introducing  into  a  flat- 
bottomed  matrass,  of  the  annexed  shape,  abont  4  ounces  of 
mercnry,  and  placing  it  in  a  sand  bath,  heated  to  the  boiling 
point  of  the  metal.  In  about  a  month's  time  nearly  the  whole 
is  converted  into  oxide.  Air  is  freely  admitted  by  the  tube, 
while  its  length  prevents  the  escape  of  mercunal  vapour, 
wliich  condenses  and  falls  back  into  the  body  of  the  vessel ; 
the  remaining  portion  of  running  mercury  may  be  driven  off 
by  exposing  it  in  a  basin  to  a  heat  just  below  redness. 

1 150.  Peroxide  of  mercury  has  an  acrid  metallic  taste,  and 
is  poisonous  ;  it  dissolves  very  sparingly  in  water.  When 
heaited,  it  acquires  a  black  colour,  but  becomes  again  red  on 
cooling ;  at  a  red  heat  it  evolves  oxygen,  and  is  reduced  to  the  metallic 
state.  It  should  be  entirely  volatilized  when  placed  upon  a  red-hot  iron, 
for  it  is  sometimes  adulterated  with  red  lead. 

1 151.  Though  it  is  diilicult  to  obtain  a  perfectly  pure  black  oxide  of 
mercury,  it  appears  to  have  been  demonstrated  that  it  contains  just  half 
the  quantity  of  oxygen  contained  in  the  red  oxide. 

The  best  analyses  of  the  red  oxide  give  as  its  component  parts. 

Mercury 92.7 

Oxygen    7.3 

100.0* 

or  more  correctly  100  mercury  +  8  oxygen. 

If  we  consider  this  as  a  compound  of  1  proportional  of  mercury  and 
?  of  oxygen,  we  obtain  the  number  200  as  the  representative  of  mer- 
cury; wr* 

8  :  100  ::  16  :  200. 

The  protoxide,  therefore,  will  consist  of 

200  Mercury  +  8  Oxygen  ^  208  Protoxide. 
And  the  peroxide  of 

200  Mercury  +  16  Oxygen  =£  216  Peroxide. 

The  black  oxide  exists  in  the  piltiia  hydrargyria  and  in  the  mercuric 
ointment  of  the  Pharmacopieia, 

1162.  Mercury  and  CMarine  combine  in  2  proportions,  and  a  proto- 
chloride  and  perchloride  of  mercury  are  the  results.  These  compounds 
are  usually  called  calomel  and  corrosive  wblimaie.  In  the  London  Phar- 
macopasia  they  have  received  the  improper  names  of  iubmuriate  of 
mercury  and  oxymuriate  of  mercury » 

1 1 63.  ProtocMoride  of  Mercury. — ^This  compound,  commonly  termed 
caiomdf  is  first  mentioned  by  Crolhus,  early  in  the  seventeenth  centu- 

•TUspitMtxmwaidd  iDBke  biit7J7oSTgeniidH0tolW  Thomsoii,  inhis 


*h.  for  Ans.  1881.)  bM ikown  ^t the  proportioii  is  100 i«»i«?2;4r8  <«yg«n. 


I  the  Mme  pmr  he  states  the  expenment 
nmbert  wiu  Itieicfive  be  adopted. 


t$i  CRL0RIPB8  OF  HERCtRT* 

ry.  The  first  directions  for  its  preparation  are  given  by  Segnin,  iit 
the  Tyrocinium  Chemicumy  published  tn  1608.  He  calls  it  draco  inUi* 
gaiw.  Several  other  fancifal  names  have  been  applied  to  it,  each  as 
a^nila  mittgataf  manna  meUUlorumfpanchymagogwn  minertde,  sMima* 
'  turn  dulcCf  mercuriui  duleis^  &c« 

The  most  usual  mode  of  preparing  calomel  consists  in  trihirating  two 

Sarts  of  corrosive  sublimate  with  one  of  mercury,,  until  the  globules 
isappear,  and  the  whde  assumes  the  appearance  of  an  homogeneous 
grey  powder,  which  is  introduced  into  a  matrass,  placed  in  a  sand  beat, 
and  gradually  raised  to  redness.  The  calomel  sublimes,  miied  with  a 
little  corrosive  sublimate,  the  greater  part  of  which,  however,  being 
more  volatile  than  the  calomel,  rises  higher  in  the  matrass  ;  that  which 
adheres  to  the  calomel  may  be  separated,  by  reducing  the  whole  to  a 
fine  powder,  and  washing  in  large  quantities  of  hot  dii^tilled  water. 
Pure  calomel,  in  the  form  of  a  yellowish  white  insipid  powder,  remains. 
It  was  formerly  the  custom  to  submit  calomel  to  very  numerous  sub-. 
limations,  under  the  idea  of  rendering  it  mild ;  but  these  often  tended 
to  the  production  of  corrosive  sublimate  ;  and  the  calomel  of  the  firftt 
sublimation,  especially  if  a  little  excess  of  mercury  be  found  in  it,  ii 
often  more  pure  than  that  afforded  by  subsequent  operations. 

1154.  The  following  are  the  directions  given  in  the  last  Londoi» 
Pharmacopceia : 

'•  Take  of  oxymuriate  of  mercury,  1  lb. 

■■'  purified  mercury,  by  weight,  9  oz. 
Rub  them  tc^cther,  until  the  metallic  ^obules  disappear ;  then  sab* 
lime  :  take  out  the  sublii^ed  n^ass,  reduce  it  to  powder,  and  suUime  it 
in  the  same  manner  twice  more  successively.  Lastly,  bring  it  to  the 
sUte  of  a  very  fine  powder;  throw  this  into  a  l«ge  vessel,  foU  of 
water ;  then  stir  it,  and,  after  a  short  interval,  pour  the  supemataat 
turbid  solution  into  another  vessel,  and  set  it  by,  that  the  powder  may 
subside.  Lastly,  having  poured  away  the  water,  dry  the  powder."— 
Powell's  Translation  of  the  London  Pharmacopaia,  Lond.  1015.  p. 
144  and  99. 

1 155.  It  will  be  observed,  that  in  these  processes  the  operatioa 
consists  in  reducing  the  perchloride  to  the  stale  of  protochloride  by 
the  addition  of  mercury.  Various  modes  have,  however,  been  adopt- 
ed for  the  direct  formation  of  calomel :  two  of  these  may  here  be 
noticed,  of  which  the  first  is  in  the  humid  way,  as  devised  by  Scheele 
and  Chenevix.     It  is  as  follows : 

Form  a  nitrate  of  mercury,  by  dissolving  as  much  mercury  as  pos- 
sible in  hot  nitric  acid ;  then  dissolve  in  boiling  water  a  quantity  of 
common  salt,  equal  to  half  the  weight  of  the  mercury  used,  and  render 
the  solution  sensibly  sour  by  muriatic  acid,  and  pour  the  hot  nitrate  of 
mercuiy  into  it.    Wash  and  dry  the  precipitate. 

If  this  process  be  carefully  performed,  and  the  precipitate  tbo« 
roughly  edulcorated,  the  calomel  is  sufficiently  pure. 

1156.  The  second  process,  however,  or  that  by  which  calomeli) 
directly  formed  in  the  dry  way,  appears,  on  the  whole,  the  least  excep- 
tionable for  the  production  of  this  very  important  article  of  phanna- 
cy  ;  it  is  the  method  followed  at  Apothecaries'  Hall,  sanction  having 
been  obtained  for  its  adoption  from  the  College  of  Physicians. 

50  lbs.  of  mercury  are  boiled  with  70  lbs.  of  sulphuric  acid,  to  dry- 
ness, in  a  cast-iron  vessel :  62  lbs.  of  the  dry  salt  are  triturated  with 
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40}  Ibs.^f  mefctiry,  until  the  globules  disappear,  and  34  lbs.  of  com« 
moa  salt  are  then  added.  This  mixture  is  submitted  to  heat  in  earthen 
vessels,  and  from  96  to  100  lbs.  of  calomel  are  the  result.  It  is  to  be 
washed  in  large  quantities  of  distilled  water,  after  having  been  ground 
to  a  fine  and  impalpable  powder. 

1 157.  Protochloride  of  mercury  is  usually  seen  in  the  form  of  a 
white  mass,  of  a  crystalline  texture  ;  and  when  very  slowly  sublimed, 
it  aiien  presents  regular  four-sided  prisms,  perfectly  transparent  and 
colourless,  its  specific  gravity  is  7.2.  It  is  tasteless  and  very  nearly 
insoluble  in  water.  It  can  scarcely  be  called  poisonous,  since  in  con- 
siderable doses  it  only  proves  purgative.  By  exposure  to  light  it  be- 
comes brovm  upon  its  surface.  If  scratched,  it  gives  a  yellow  streak, 
which  is  very  characteristic,  and  does  not  belong  to  the  perchloride. 
When  very  finely  levigated  it  becomes  of  a  buff  colour. 

It  consists  of  1  proportional  of  mercury  20p—|-  1  proportional  of 
chlorine  36,  and  its  representative  number  is  236. 

1 1 58.  NfUvDt  Odaridt  of  Mtrcury  or  mtrturial  horn  ore,  has  been 
ibundip  Germany,  France,  and  Spain,  usually  crystallized,  and  some- 
times incmsiing  and  massive. 

1 1 59.  Perchloride  of  Mercury  y  or  corrosive  suhlunate,  may  be  obtained 
by  a  variety  of  processes. 

When  mercury  is  heated  in  chlorine,  it  bums  with  a  pale  dame ;  the 
<ras  is  absorbed,  and  a  white  volatile  substance  rises,  which  is  the  per- 
ch! oride» 

It  may  also  be  obtained  by  dissolving  perojide  of  mercury  in  muri- 
atic acid,  evaporating  to  dryness,  re-dissolving  in  Water,  and  crys- 
tallizing. 

1 160.  The  ordinary  process  for  makinjg  corrosive  sublimate  consists  in 
exfH>sing  a  mixture  of  chloride  of  sodium  (common  salt)  and  persul- 
phate of  mercury,  to  heat  in  a  fiask,  or  other  proper  subliming  vessel ; 
a  mutual  decomposition  ensues.  The  chlorine  of  the  common  salt  unites 
to  the  mercury  of  the  sulphate,  and  forms  bi-chloride  of  mercury. 
The  oxygen  of  the  oxide  of  mercury  converts  the  sodium  of  the  salt 
mto  soda,  which,  with  the  sulphuric  acid,  produces  sulphate  of  soda. 
This  decomposition  is  exhibited  by  the  following  diagram : 

1  proportknal  of  perchloride  of  merciirjr  szt7% 
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t  proportionals  of  sulphate  of  soda  =£  144. 

1161.  The  following  are*  thfe'  official  directions  of  the  London  Phar* 
copina,  forthe  preparation  of  corrosive  subFimate,  there  termed  oxy- 
mMftate  of  mercury. 

"  Take  of  purified  mercury,  lyaoeight,  2  lbs. 
—  sulphuric  acid,  by  weight,  30  oz. 
■        dried  muriate  of  soda,  4  lbs. 
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Boil  the  mercury  with  the  sulphuric  acid  in  a  glass  vessel,  until  the 
sulphate  of  mercury  is  left  dry.  Rub  this  when  it  is  cold  with  the  mu- 
fiate  of  soda  in  an  earthen-ware  mortar ;  then  sublime  it  in  a  glass  cq- 
curbit,  increasing  the  heat  gradually. "-^Powell's  TramUUion. 

The  quantity  of  common  salt  employed  in  this  process  is  obvioiisly 
too  large ;  in  practice,  however,  we  find  that  more  than  the  real  quan- 
tity decomposed,  and  shown  in  the  above  table,  is  required. 

1 162<  The  following  is  the  process  employed  at  Apothecaries'  Hall 
lor  the  formation  of  corrosive  sublimate  :  50  lbs.  of  mercury  are  bofled 
to  dryness  with  70  lbs.  of  sulphuric  acid.  73  lbs.  of  persulpb^e  of 
mercury  are  thus  formed,  which  being  perfectly  mixed  with  ISO  lbs.  of 
common  salt  and  sublimed,  yield  from  63  to  66  lbs.  of  corrosive  sob- 
Itmate. 

1163.  By  the  quantity  of  chlorine  absorbed  by  a  given  weijgiit  of 
mercury,  we  learn  that  the  perchloride  of  mercury  consists  of  1  pro- 

'  portional  of  mercury  =  200  +  2  proportionals  of  chlorine  «  72,  con- 
sequently ^  its  representative  number  is  272. 

1 164.  Perchloride  of  mercury  is  usually  seen  in  the  form  of  a  per- 
fectly white  semi-transparent  mass,  exhibiting  the  appearance  of  im- 

Emct  crystallization.  It  is  sometimes  procured  in  quadrangular  prisms. 
f  specific  gravity  is  5.2.  Its  taste  acrid  and  nauseous,  and  leaviiig  a 
peculiar  metallic  and  astringent  flavour  upon  the  tongue.  It  diasolres 
ni  20  parts  of  water  at  60<^,  and  in  about  half  its  weight  at  Hi**. 
It  is  more  soluble  in  alcohol  than  in  water.  When  heated,  it  readily 
aubltmes  in  the  form  of  a  dense  white  vapour,  strongly  affecting 
the  nose  and  mouth.  It  dissolves  without  decemposition  in  muriatic, 
nitric,  and  sulphuric  acids  :  the  alcalis  and  several  of  the  metals  de- 
compose it.  It  produces,  with  muriate  of  anomonia,  a  very  soluble 
compound  }  hence  a  solution  of  sal-ammoniac  is  used  with  advantage 
in  washing  calomel  to  free  it  from  corrosive  sublimate. 

1165.  Protochloride  and  perchloride  of  mercury  are  decomposed 
by  potassa,  soda,  and  lime  ;  the  former  affords  blacky  (kydrargyri  oxidMm 
tinereum  of  the  LofuUm  Pkartnacopcna^)  the  latter  red,  oxide  of  mer« 
cury;  and  the  chlorides  of  potassium,  sodium,  and  csdcium,  are  pro- 
duced. The  following  diagrams  shew  the  interchange  of  elements  that 
takes  place  in  the  case  of  adding  a  solution  of  potassa  to  prolochio- 
ride  and  perchloride  of  mercury. 

1  pnpoftioDftl  of  cbioride  of  poCaninDi  bs  7G. 
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1166.  When  solution  of  ammonia  is  poured  upon  calomel,  protoxide 
of  m^ncnrj,  and  muriate  of  ammonia,  are  the  results  ;  but  ammonia, 
added  to  a  soluUon  of  corrosire sublimate,  occasions  a  white  precipitate 
of  a  triple  muriate  of  ammonia  and  mercury, 

A  compound  of  this  kind  has  long  been  used  in  pharmacy,  under  the 
name  of  calx  hydrargyri  ai6a,  or  white  precipitate.    The  London  PhoT' 
macop^ia  directs  the  follow  process  for  its  formation^ 
«^  Take  of  oxymuriato  mercury  \  lb, 

. muriate  of  ammonia  4  oz. 

-■1        solution  of  subcarbonate  of  potassa  ^  pint 
— ^-  distilled  water  4  pints. 
First  dissolve  the  muriate  of  ammonia,  then  the  oxymuriate  of  mercu- 
ry, in  die  distilied  water,  and  add  thereto  the  solution  of  subcarbonate 
of  potassa.    Wash  the  precipitated  powder  until  it  becomes  tasteless ; 
then  dry  it." 

1 167.  Muriate  of  ammonia  renders  corrosiFe  sublimate  more  soluble 
in  water,  one  part  rendering  five  parts  soluble  in  rather  less  than  five 
of  water.  By  evaporation  a  triple  salt  is  obtained,  formerly  called  sal 
Stlembrath.  The  addition  of  potassa  or  soda  throws  down  the  above* 
mentioned  white  precipitate.    Hence  its  use  in  washing  calomel. 

1 166.  Chlorate  of  Mercury. — Chloric  acid  dissolves  both  the  oxides 
of  mercury  ;  the  protochhrate  has  the  appearance  of  a  yellowish  gra* 
oalar  powder,  sparingly  soluble  in  hot  water,  and  of  a  mercurial  taste^ 
Theperddorate  forms  white  acicular  crystals,  having  the  acrid  flavour 
of  the  perchloride.— Vauqvei^in,  Annalee  de  Chimie,  xcv. 

1169.  Mercury  and  Iodine  unite  in  two  proportions.  These  com* 
pounds  may  be  procured  either  by  gently  heating  mercury  with  iodine, 
or  by  adding  hydriodic  acid  to  solutions  of  mercury.  The  protiodide 
is  yellow,  and  the  periodide  red.  They  respectivdy  consist  of  1  pro* 
nortional  of  mercury  +  )  of  iodine  ai^l  i  +  2.  They  are  both  inso- 
luble in  water. 

1170.  lodate  of  Mercury, — lodate  of  potassa  occasions  a  precipitate 
in  protonitrate  of  i^ercury,  but  not  in  the  pemitrate. 

1171.  Mercury  and  Nitric  Acid, — Nitric  acid  is  rapidly  decomposed 
by  mercury ;  nitrous  acid,  and  nitric  oxide  gases  are  evolved,  and 
either  a  protonitrate  or  a  pemitrate  of  noiercury  are  obtained,  accord- 
ing to  the  mode  in  which  the  solution  is  performed. 

1172.  ProtonitraU  of  Mercury  is  best  obtained  by  dissolving  the 
metal  in  a  cold  and  dilute  acid,  consisting  of  one  part  of  acid  and  three 
of  water  ;  (be  metal  should  be  ^dded  in  small  successive  portions  until 
■the  add  ceases  to  act  upon  it,  and  care  should  be  taken  to  keep  the 
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t^hole  cold.  Tbis  solution  deposits  transparent  crystals  which  appear 
to  be  modified  octoedra,  and  which  consist  of  the  protoxide  of  mercurv 
combined  with  nitric  acid.  They  are  soluble  without  decomposition  ift 
oold  water,  and  the  solution  affords  black  precipitates  of  protoaude. 
upon  the  addition  of  the  alcalis. 

1173.  Pernitrate  of  Mercury. — When  mercury  is  dissolved  in  hot 
and  bonccntnited  nitric  acid,  it  becomes  perozidised,  and  furnishes  prLs- 
tnatic  crystals  of  the  pernitrate."'.  ^heir  solution  furnishes  yellow  or 
red  precipitates  of  peroxide  of  m(?rcury,  upon  the  addition  of  potassa 
or  soda,  and  ammonia  forms  a  white  precipitate  which  is  a  triple  nitratt 
of  mercury  and  ammonia. 

When  the  precautions  in  forming  the  nitrates  above  described  are 
not  attended  to,  the  solution  usually  contains  a  mixture  of  the  two  oi- 
trates,  and  furnishes  a  precipitate  with  the  alcalis,  composed  of  botb 
oxides.  The  pernitrate  is  most  certainly  formed  by  dissolving  the  red 
oxide  in  nitric  acid. 

1 1 74.  When  hot  water  is  poured  upon  pernitrate  of  mercury,  a  yel- 
low insoluble  powder  separates  from  it,  which  is  a  subpemiinUe,  the 
nitrous  turpeth  of  old  writers  ;  and  a  super-pernitrate  remains  in  solu- 
tion. It  seems  probable  that  the  protonitrate  is  also  capable  of  afTord- 
ing  a  sub  and  a  super  nitrate ;  but  all  these  compounds  have  hitherto 
been  but  imperfectly  investigated,  and  new  researches  are  wanUog  to 
establish  their  nature  and  composition. 

If  the  protonitrate  and  pernitrate  be  composed  of  one  proportional 
of  each  of  the  oxides  with  one  of  acid  and  with  two  of  acid,  the  fol- 
lowing will  be  their  component  parts. 

208  protoxide  216  peroxide 

54  nitric  acid  108  nithc  acid 

262  protonitrate  of  M.  324  pernitrate  of  M. 

The  subpemitrate  has  been  analyzed  by  M.  M.  Braamcamp  and 
Olira,  {Thomson,  Vol.  ii.  p.  635),  and  they  report  its  compositioo  at 

12  acid 
88  peroxide 

100 

If  its  compo«ition  in  theory  be  admitted  as  2  proportionals  of  peroxide 
«  432  +  1  proportional  of  nitric  acid  =  64,  theae  numbers  are  not 
tnuch  at  variance  with  the  above  experimental  result,  thus,  as  88 : 
12  :  :  432  :  68. 

1 176.  When  these  nitrates  of  mercury  are  exposed  to  beat  gradual- 
ly raised  to  duU  redness,  nitric  acid  is  given  off ;  and  a  briliiant  red 
substance  remains,  consisting  of  peroxide  of  mercury  with  a  small  por* 
tion  of  adhering  nitrate.  This  is  used  in  pharmacy  as  an  escharotk, 
and  is  called  in  the  Lond4)n  Pharmacopeia^  hydrargyri  nitrico^oxid%^. 

In  the  manufacture  of  this  compound  at  Apothecaries'  Mall,  100  lb*. 
Of  mercury  are  boiled  with  48  lbs.  of  nitric  acid  (specific  gravity  1.48), 
and  by  proper  evaporation  arid  application  of  a  dull  red  heat,  112  Ibf. 
of  the  hydrargyri  nitrico^oxidam  are  obtained. 
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1 176.  Mercury  a$id  Sulphur. — When  one  part  of  raercnry  is  tritu- 
rated for  some  time  with  three  of  sulphur,  a  black  tasteless  compound 
is  obtained,  which  was  called  in  old  pharmacy  £/A{opf  Aft nera/;  it 
18,  howerer,  no  longer  retained  in  the  London  Pharmacoposia. 

The  same  substance  is  more  readily  formed  by  pouring  mercury 
into  melted  sulphur,  the  substances  quickly  combine,  with  such  a  rise 
of  temperature  as  often  produces  inflammation. 

1 1 77.  There  is  some  difficulty  in  ascertaining  how  far  these  are  de- 
finite compounds  ;  when,  however,  sulphuretted  hydrogen  is  passed 
through  a  dilute  solution  of  nitrate  of  mercury,  a  black  powder  is 
thrown  down,  which  appears  to  be  a  true  sulphuret,  and  which,  accord- 
ing to  Guibourt,  {AnnaUt  dt  Chimie,  et  Phys,,  Tom.  i.)  consists  of  100 
mercury  +  8.2  sulphur,  numbers  which  nearly  correspond  to 

1  proportional  mercury  =  200 
1  sulphur    =•    16 

Sulphuret  of  mercury  =  216 

1 178.  Wben  tlie  black  sulphuret  is  heated  red  hot  in  a  flask,  a  por- 
tion of  mercury  evaporates,  and  a  sublimate  of  a  steel  grey  colour  is 
obtained,  which,  when  reduced  to  a  fine  powder,  assumes  a  brilliant 
red  colour,  and  is  called  vermillion  or  cinnabar.  It  is,  in  fact,  a  hi- 
sulphuret  of  mercury^  and  consists  of 

1  proportional  of  mercury  =  200 

2  sulphur    =    32 

Bisulphuret  of  mercury  =  232 

1179.  In  the  manufacture  of  cinnabar  8  parts  of  mercury  are  mixed 
in  an  iron  pot  with  one  of  sulphur,  and  made  to  combine  by  a  moderate 
beat,  and  constant  stirring  :  this  compound  is  then  transferred  to  a  glass 
soblimiDgyessel,  ^ona  small  scale,  a  Florence  flask  answers  perfectly), 
and  heated  to  redness  in  a  sand  bath  ;  ^a  quantity  of  mercury  and  of 
sulphur  evaporate,  and  a  sublimate  forms  which  is  removed,  and  rub- 
bed or  levigated  into  a  veiy  fine  powder. 

1 180.  Cinnabar  is  not  altered  by  exposure  to  air  or  moisture  ;  when 
heated  to  dull  redness  in  an  open  vessel,  the  sulphur  forms  sulphurous 
acid,  and  the  mercury  escapes  in  vapour.  It  is  decomposed  by  distilla- 
tion with  fixed  alcaUs,  Ume,  and  baryta,  and  by  several  of  the  metals. 
When  adulterated  witii  red  lead  it  is  not  entirely  volatile. 

1181.  Cinnabar  may  be  made  in  thehumid  way  by  long  trituration  of 
meicury  and  solphur  in  solution  of  potassa. — Nicholson^s  Journal, 
iv.  ion. 

1 182.  JVottve  Cinnabar  is  the  principal  ore  of  mercury  :  it  occurs 
massive  and  crystallized  in  six-sided  prisms,  rhombs,  and  octoedra.  It 
is  ef  variotM  colours,  sometimes  appearing  steel  grey,  at  others  bright 
red.  It  occurs  in  Hungary,  France,  and  Spain,  in  Europe  :  in  Siberia, 
and  Japan,  in  Asia  ;  and  in  considerable  quantities  in  South  America. 
The  mines  of  Almaden,  and  of  New  Spain,  are  the  most  productive, 
and  fumiah  fine  crimiet  specimens.    Nadve  mercury,  and  native  amal- 

iB  of  silver  sometimes  accompany  it 

1183.  Ihflpotulphitt  of  JMercvry  appears  not  to  exist :  when  a  soln- 
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tion  of  a  hyposulphite  is  poured  into  a  very  dilute  solation  of  protoai- 
irate  of  mercury  it  occasions  a  black  precipitate. 

1184.  Sulphite  of  Mercury  has  not  been  examined. 

1 185.  Mercury  and  Sulphuric  Acid. — When  mercury  is  boiled  in  its 
wei^t  of  snlphuric  acid,  sulphurous  acid  gas  is  evolved,  a  part  of  the 
metal  is  oxydized  and  dissolved,  and  a  white  deliquescent  maae  is  ob- 
tained, which,  washed  with  cold  water,  affords  a  very  difficultly  soluble 
white  salt,  which  is  a  prototulphatt  of  tnercury.  It  requires  6O0  parte 
of  water  for  its  solution  and  ciystallizes  in  prisms.  Aecording  to  Foa^ 
croy  {JImnaUi  de  Oitmt'e,  x.)  it  consists  of 

12  sulphuric  acid 
83  protoxide  of  mercury 
5  water. 

According  to  theory,  it  should  consist  of  one  proportioiial  of  sa^u- 
ric  acid  +  1  of  protoxide,  or 

40  sulphuric  acid 
208  protoxide  of  mercury 

248  sulphate  of  mercury. 

The  alcalis  precipitate  black  oxide  of  mercury  from  this  salt. 

1 186.  If  three  parts  of  sulphuric  acid  be  boiled  to  dryness  with  one 
of  mercury,,  a  white  mass  of  ptrtulphate  of  mercury  ii  obtained ;  it  ii 
more  soluble  than  the  sulphate,  and  crystallizes  in  prisms.  According 
to  Braamcamp  and  Oliva,  it  is  composed  of 

31.8  acid 
63.8  peroxide 
4.4  water 

100.0 

It  should  consist,  according  to  theory,  of  1  proportional  of  peronde 
4-  2  proportionals  of  acid.    * 

1187.  When  hot  water  is  poured  upon  persulphate  of  nereaiy,  a 
yellow  insoluble  iubpertulphau  is  formed,  formerly  called  7^rpe(h  miiie- 
r^i.    It  appears  to  consist  of  1  proportional  of  peroxide  +  1  of  acid,  or 

216  peroxide  of  mercury 
40  sulphuric  acid 

266  subpersulphate  of  mercury. 
A  biptrtulphtUt  remains  in  solution. 

1 188.  The  solutions  of  persulphate  of  mercury  funuAh  red  precifa- 
tates  with  the  fixed  alcalis,  «nd  white  with  ammonia^  the  latter  beia|i 
triple  fnlpAole  ofammama  and  mercury. 

1189.  Sulphuretted  hydrogen  produces  a  black  precipitate  insoh- 
tions  of  mercury  when  added  in  excess,  and  which  appeara  to  be  a  Bol- 
phoret  of  mercury. 

1 190.  Pho^^rtt  of  Mercury  may  be  formed  by  heatiog  i^ospfaoms 
with  oxide  of  mercury.    It  is  a  aectile  solid  of  a  biaish  black  coWor. 

1191.  Neither  the  Hyp^posphiu  nor  Phtm^uie  rfMereuwy  hove  been 
examined. 

1192.  Mtrcury  and  Phoiphoric  Jlcuf.-^Wken  phoqduite  of  aodai§ 
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aiifled  either  to  nitrate  or  pemitrate  of  mercury,  a  white  precipitate  is 
formed.  There  is  probably  a  protopkospkate  and  a  perphosphate. 
The  latter  is  soluble  in  excess  of  acid. 

1193.  Mercury  and  Carbonic  Acid, — ^Alcaline  carbonates  produce 
buf-colonred  precipitates  in  solutions  of  both  oxides  of  mercury. 
These  are  probably  the  protocarbonate  and  the  percarbanate, 

1 194.  Mercury  and  Ofonogen. — By  boiling  one  part  of  finely  pow- 
dered red  oxide  of  mercury  with  two  of  Prussian  Blue,  in  eight  parts 
of  water,  a  solution  is  obtained,  which,  if  filtered  while  hot,  deposits, 
on  cooling,  yellowish  white  crystals  in  the  form  of  quadrangular  prisms, 
of  a  metallic  taste  and  very  poisonous,  consisting,  according  to  Gay- 
Lussac,  of  80  mercury  -j-  20  cyanogen.  They  are,  therefore,  a  cyoi»- 
vret  of  mercury^  and  probably  contain  1  proportional  of  mercury  s=  200 
+  2  of  cyanogen  =  48.8. 

1 196.  Cyanuret  of  mercury  is  decomposed  by  heat,  as  in  the  pro- 
cess for  obtaining  cyanogen  ;  and  if  distilled  with  muriatic  acid,  hydro- 
cyanic acid  and  chloride  of  mercury  are  formed.  It  also  is  decompos- 
ed by  hydriodic  acid  and  by  sulphuretted  hydrogen,  an  iodide  and  a 
sulpharet  of  mercury,  and  hydrocyanic  acid ,  being  formed.  The  alca- 
iis  do  not  act  upon  &\%  cyanuret. 

1 196.  Cyanuret  of  ipercury  is  also  formed  by  boiling  peroxide  of 
mercury  in  solution  of  ferrocyanate  of  potassa ;  a  portion  of  mercury 
and  of  peroxide  of  iron  are  at  the  same  time  deposited,  whence  it  ap- 
pears that  the  oxygen  o(  the  mercurial  oxide  is  partly  transferred  to 
the  iron,  and  partly  to  the  hydrogen  oi  the  ferrocyanic  acid. 

1 197.  Cyanuret  of  mercury  boiled  in  water  with  peroxide  of  mer- 
cury produces  a  compound  which  forms  small  granular  crystals  con- 
sistii^  of  cyanuret  amd  oxide  oi  mercury ;  hence  in  making  the  cyan- 
uret by  the  above  process  (1194)  excess  of  mercurial  oxide  should  be 
avoided. 

1198.  Borate  of  Mercury^  obtained  by  adding  borate  cf  soda  to  ni- 
trate of  mercury,  is  a  yellow  insoluble  powder. 

1 199.  ArteniaUs  of  Mercury, — Arsenic  acid  occasions  a  pale  yellow 
precipitate  in  solution  of  protonitrate  of  mercury,  and  a  yellowish 
white  precipitate  in  solution  of  the  pernitrate.  Arsenious  acid  pro- 
daces  white  precipitates  in  both  solutions. 

1200.  Molybdic  acid  occasions  a  white  precipitate  in  solution  of 
nitrate  of  mercury. 

1201.  Cftromole  of  Mercury, — ^Chromate  of  potassa  throws  down  an 
orange-coloured  precipitate  uom  the  solutions  of  nitrate  and  pemi- 
trate of  mercury. 

1202.  TungitaU  of  Mercury. — ^Not  examined. 

1M3.  The  soluble  salts  of  mercury  furnish  whitish  precipitates 
with  ferrocyanate  of  potassa,  and  black  with  sulphuretted  hydrogen. 
A  plate  of  copper,  inmiersed  into  their  solutions,  occasions  the  separa- 
tion of  metallic  mercury. 

Tlie  insoluble  mercurial  salts  are  mostly  entirely  volatilized  at  a  red 
heat ;  U  distilled  with  charcoal,  they  afford  metallic  mercury. 

1204.  Mercury  combines  with  most  of  the  other  metab,  and  forms 
a  dam  of  eoiiq>ounds  which  have  been  called  amalgame.  These  ^e 
g^Bontty  britUe  or  soft.  One  part  of  potassium  with  70  of  mercury 
produce  a  hard  brittle  compound.  If  mercury  be  added  to  the  hquid 
alloy  of  potassium  and  sodium  (606),  an  instant  solidification  ensues, 
and  heat  enough  to  inflame  the  latter  metals  is  evolved.    The  use  of 
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an  amalgam  of  zinc  and  mercury  has  already  been  adverted  to  for  the 
excitation  of  electrical  machines.  (108.)  The  amalgams  of  gold  and 
silver  are  employed  in  gilding  and  plating. 

An  amalgam  of  2  parts  of  mercury,  1  of  bismuth,  and  1  of  lead,  is 
fluid,  and  when  kept  for  some  time,  deposits  cubic  crystals  of  bismuth. 

Amalgam  of  copper  may  be  made  as  follows  :  To  a  hot  solution  of 
sulphate  of  copper,  add  a  little  muriatic  acid,  and  a  few  sticks  of  ziac, 
and  boil  the  mixture  for  about  a  minute  :  by  this  means  the  c<^per 
will  be  precipitated  in  a  metallic  state,  and  in  a  finely  divided  spongy 
form :  take  out  the  zinc,  pour  off  the  liquor,  wash  the  copper  with 
hot  water,  and  pour  upon  it  a  little  dilute  nitrate  of  mercury,  which 
will  instantly  cover  every  particle  of  copper  with  a  coating  of  mer- 
cury :  then  add  mercury  to  the  amount  of  two  or  three  times  the 
weight  of  the  copper,  and  a  slight  trituration  will  combine  ihem  so  iar 
that  the  completion  of  the  process  may  be  effected  by  beating  the  mix- 
ture for  a  few  minutes  in  a  crucible. — ^Aikin's  Dictitmary^  Art  JHerctt- 
ry,  p.  92. 

1205.  When  mercury  is  negatively  electrized  in  a  solution  of  am- 
monia, or  when  an  amalgam  of  potassium  and  mercury  is  placed  upon 
moistened  muriate  of  ammonia,  the  metal  increases  in  volume,  and  be- 
comes of  the  consistency  of  butter,  an  appearance  which  has  sometimes 
been  called  the  metallization  of  ammonia.  The  compooad  appears  only 
to  contain  ammonia  and  mercury,  though  its  real  nature  has  not  been 
satisfactorily  ascertained.  It  has  suggested  some  hypotheses  concern- 
ing the  nature  of  ammonia  and  the  metals,  which  are  not  worth  re- 
cording. 
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1206.  Osmium,  and  the  metals  described  in  the  three  foUowiflig  sec- 
tions, are  contained  in  the  ore  of  platinum.  This  ore  is  digested  in 
nitro-muriatic  acid,  by  which  the  greater  portion  is  dissolved, ukd  there 
remains  a  black  powder,  which,  when  fused  with  potassa  and  washed, 
furnishes  a  yellow  alcaline  solution  of  oxide  of  osmium.  Saturate  tiie 
alcali  with  sulphuric  acid,  pour  the  mixture  into  a  retort,  and  distil.  A 
colourless  solution  of  the  oxide  of  osmium  passes  into  the  receiver  ;  it 
has  a  sweetish  taste  and  a  very  peculiar  smell,  somewhat  like  that  of 
new  bread.  When  mercury  is  shaken  with  this  solution  it  becomes  an 
amalgam,  which  is  decomposed  by  distillation,  and  pure  osmium  re- 


1207.  Osmium  has  a  dark  grey  colour,  and  is  not  v(riiatile  wben  heat- 
cd  in  close  vessels  :  but  heated  in  the  air  it  absorbs  oxygen,  and  fonas 
a  volatile  oxide.     It  has  not  been  fused. 

1208.  The  leading  characters  of  osmium  are  its  insolubility  in  the 
acids,  its  ready  solubility  in  potassa,  the  fiicility  with  which  it  is  oxidized, 
the  singular  smell  of  its  oxide,  its  great  volatility, and  the  purple  or  blue 
colour  produced  in  its  solution  by  tincture  of  gaUa.  The  other  com- 
pounds have  scarcely  been  examined. 
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Sectior  XXXI.     Iridium. 


1209.  The  black  powder  meaticmed  in  the  laet  section  contains  iri- 
dium, wluch  resists  the  action  of  potassa,  aiidconseqneDtly  remains  af- 
ter the  separation  of  osmium.  A  solution  of  its  oxide  may  be-  procur- 
ed by  digesting  it  in  munatic  acid,  which  first  becomes  blue,  then  olire- 
green,  and  lasUy,  red.  By  alternate  treatment  with  potassa  and  mu- 
riatic acid,  the  whole  of  the  black  powder  will  be  dissolved.  By  eya- 
porating  the  muriatic  solution  to  dryness,  dissolving  the  dry  mass  in 
water,  and  evaporating  a  second  time,  octoedral  crystals  of  muriate  of 
iridium  are  obtained. 

1210.  Indium  is  obtained  by  immersing  a  plate  of  zinc  into  a  solu- 
tion of  the  muriate,  or  by  violently  heating  the  octoedral  crystals.  It  is 
of  a  whitish  colour,  and,  according  to  Mr.  Children,  who  succeeded  in 
fusing  it  by  means  of  his  large  Voltaic  apparatus,  its  specific  gravity  is 
above  18.  Its  most  marked  character  is  extremely  difficult  solubility 
in  the  acids. 

1311.  In  crude  platinum  Dr.  Wollaston  discovered  some  flat  white 
grains  whicb  resisted  the  action  of  the  aeids,  and  which  he  ascertained 
to  consist  of  a  native  Moiy  of  ofmnim  and  iridiwn. 

1212.  Osmium  and  iridium  were  discovered  by  Mr.  Teunantin 
1^03.  The  name  of  the  former  is  derived  from  the  peculiar  smell  of 
its  oxide  ;  that  of  the  latter,  fv6m  the  ysrieiy  of  colours  elhibited  by 
its  solution. — Phil.  Trans.,  1804. 


Section  XXXll.    Rhodium. 

1213.  Rhodium  and  Palladium  were  discovered  by  Dr.  WoUaston 
in  1803.  These,  like  the  two  last  described  metals,  exist  in  the  ore 
of  platinum,  from  which  rhodium  may  be  obtained  by  the  following 
process  :  Digest  crude  platinum  in  a  small  quantity  oi  nitro-muriatic 
acid,  filter  the  saturated  solution,  and  pour  it  into  a  solution  of  sal 
ammoniac,  by  which  the  greater  proportion  of  the  platinum  is  precipi- 
tated. Decant  the  clear  liquor  and  immerse  a  plate  of  zinc,  which 
becomes  coated  with  a  black  powder.  Separate  this  and  digest  it  in 
dilute  nitric  acid,  by  which  a  litUe  copper  and  lead  are  taken  up. 
Then  wash  and  digest  in  dilute  nitro-muriatic  acid,  to  which  add  some 
eommon  salt,  evaporate  to  dryness,'  and  wash  the  dry  mass  repeatedly 
with  alcohol.  A  deep  red  substance  remains,  which,  when  dissolved 
in  water,  famishes  a  black  precipitate  upon  the  immersion  of  a  plate 
of  sine.  This  strongly  heated  with  borax,  assumes  a  white  metallic 
lustre,  and  is  rhodium. 

1214.  Rhodium  is  very  difficult  of  fusion  ;  its  specific  gravity  is 
10.6.  When  an  alky  of  lead  and  rhodium  is  digested  in  nitro-muriatic 
acid,  it  is  dissolved,  and  by  evaporation  a  red  compound  is  obtained, 
from  which  muriate  of  rhodium  may  be  separated  by  water,  or  more 
perfectly  by  alcohol.  The  rose-colour  of  this  compound  suggested 
the  name  which  has  been  applied  to  the  metal. 
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1216.  Rhodium  forms  maXLeMe  aUays  with  the  malleable  metali, 
Beveral  of  which  have  been  examined  by  Dr.  WoUaston. — Phil,  Traw., 
1804.     Thomson's  Systemj  Vols.  i.  andii. 

With  steel,  rhodium  forms  an  alloy,  which  probably  would  be  very 
useful  in  the  arts,  were  it  not  for  the  scarcity  of  the  latter  metaL  1 
to  2  per,  cent,  of  rhodium  gives  steel  great  hardness,  and  yet  there  is 
sufficient  tenacity  to  prevent  cracking  either  i^  forging  or  hammeriog. 
— Quarterly  Joumaly  ix.  328. 


SfiCTjOH  XXXIil.  PaUadiim. 

1216.  Palladium  is  most  easily  obtained  by  the  following  process, 
(WoLLASTON,  FhU.  Tram.,  1806.)  Digest  the  ore  oi  platianin  ii 
nitro-muriatic  acid,  neutralize  the  redunduit  acid  by  soda,  throw  Amu 
the  platinum  by  muriate  of  ammonia,  and  filter.  To  the  filtered 
liquor  add  a  solution  of  cyanuret  of  mercury  (1 194)  ;  a  yellow  flocca- 
lept  precipitate  is  soon  deposited  which  yields  palladium  on  eiposare 
to  heat^ 

1217.  Palladinm  is  of  a  dull  white  colour,  malleable  and  ductik. 
Its  specific  gravity  is  about  11.  It  is  hard.  It  fuses  at  a  teosperatiife 
above  that  reouired  for  the  fusion  of  .gold. 

1218.  Dr.  WoUaston  has  ascertained  the  existence  of  native  palla- 
dium in  the  ore  of  platinum.     It  is  in  small  fibrous  gruns. 

1219.  Muriatic  acid  boiled  upon  palladium  acquires  a  fine  ted  cdlour. 
Sulphuric  acid  becomes  blue.  Nitric  acid  readily  dissolves  it ;  but  its 
best  solvent  is  the  nitro-muriatic,  which  forms  a  fine  red  solution. 
The  alcahs  throw  down  an  orange-coloured  precipitate  from  these 
solutions,  sparingly  soluble  in  the  alcalis.  Ferrocyanate  of  potassa 
gives  an  olive-green  precipitate ;  and  sulphuretted  hydrogen,  one  of 
a  dark  brown  colour. 


Section  XXXIV.    Silver, 

1220.  SiLVBR  is  found  native,  and  in  a  variety  of  combinationd* 
Native  Silver  has  the  general  characters  of  the  pure  metal.    It  oc- 
curs in  masses ;  aborescent ;  capillary ;  and,  sometimes,  crystallized 
in  cubes  and  octoedra.     It  is  seldom  pure,  but  contains  small  portions 
of  other  metals,  which  affect  its  colour  and  ductility.     It  is  chiefly 
found  in  primitive  countries.     In  Peru  and  Mexico  are  the  richest 
known  mines  of  native  silver.     The  mines  of  Saxony,  Bohemia,  and 
Swabia,  and  those  of  Kongsbeig  in  Norway,  are  the  richest  in  Europe. 
It  has  been  found  in  Cornwall  and  Devonshire. 
^^!  '^'       ^  ^^  ^  *  ^^^  silver  may  be  procured  by  dissolving  the  standard  silver 
of  commerce  in  pure  nitric  acid,  diluted  with  an  equal  measure  of 
water.    Immerse  a  plate  of  clean  copper  into  the  solution,  which  soon 
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occasions  a  precipitate  of  metallic  silver ;  collect  it  npon  a  filter ;  wash 
it  with  solution  of  ammoma,  and  then  with  water,  and  fuse  it  into  a 
button. 

It  may  also  be  procured  by  adding  to  the  above  solution  of  standard 
silver  a  solution  i}f  common  salt ;  collect,  wash,  and  dry  the  precipi- 
tate, and  fuse  it  with  its  weight  of  carbonate  of  potassa.  A  button  of 
the  pure  metal  is  thus  obtained. 

1222.  Silver  has  a  pure  white  colour,  and  considerable  brilliancy,  chtnctcn. 
its  specific  gravity  is  10.5.     It  is  so  malleable  and  ductile,  that  it  may 

be  extended  into  leaves  not  exceeding  a  ten-thousandth  of  an  inch  in 
thickness,  and  drawn  into  wire  finer  than  a  human  hair. 

1223.  Silver  melts  at  a  bright  red  heat,  and  when  in  fusion  appears 
extremely  brilliant.     It  resists  the  action  of  air  at  high  temperatures 
for  a  long  time,  and  does  not  oxidize  ;  the  tarnish  of  silver  is  occasion-  ^ 
ed  by  sulphureous  vapours  ;  it  takes  place  very  slowly  upon  the  pure 
metid,  but  more  rapidly  upon  the  alloy  with  copper  used  for  plate,  and 
was  found  by  Proust  to  consist  of  sulphuret  of  silver.     Pure  water  has 
no  effect  upon  the  metal ;  but  if  the  water  contain  vegetable  or  ani- 
mal matter,  it  often  slightly  blackens  its  surfiice  in  consequence  of  the 
presence  of  sulphur.     If  an  electric  explosion  be  passed  through  &ie 
silver  wire^  it  bums  into  a  black  powder,  which  is  an  oxide  of  silver. 
In  the  VoHadc  circle  it  bums  with  a  fine  green  light,  and  throws  off 
abundant  fumes  of  oxide.     Exposed  to  an  intense  white  heat,  it  boils 
BDd  evaporates.  -  If  suddenly  cooled,  it  crystallizes  during  congela- 
tion, oflen  sbooting  out  like  a  eaulifiower,  and  throwing  small  particles 
of  the  metal  out  of  the  crucible. 

1224.  I^ver  is  not  unfi^quently  obtained  in  considerable  quantities 
from  aii^ntiforous  sulphuret  of  lead,  which  is  reduced  in  the  usual 
way  and  then  cupelled ;  the  oxide  of  lead  thus  procured  is  afterwards 
reduced  by  charcoal. 

Some  of  the  silver  ores,  especially  the  sulphurets,  are  reduced  by 
amalgamation.  These  ores,  when  washed  and  ground,  are  mixed  with 
a  portion  of  common  salt  and  roasted ;  it  is  then  powdered  and  mixed 
by  agitation  with  mercury,  and  the  amalgam  thus  formed  is  distilled. 

The  old  process  of  eliqwOion  is  now  scarcely  used  :  it  consisted  in 
fiising  alloys  of  copper  and  silver  with  lead  ;  this  triple  alloy  was  cast 
into  round  masses,  which  were  set  in  a  proper  fiiraace  upon  an  inclined 
plane  of  iron  with  a  small  channel  grooved  out,  and  heated  red-hot, 
during  which  the  lead  melted  out,  and  in  consequence  of  its  attraction 
for  stiver,  carried  that  metal  with  it,,  the  copper  being  left  behind  in 
a  reddish  black  spongy  mass^ — ^Aikin's  DicHonary,  Art.  Silver. 

1225.  Ostide  of  S^er  may  be  obtained  by  adding  lime-water  to 
tiie  solution  of  nitrate  of  silver,  and  washing  the  precipitate.  It  is  of 
a  dark  otive  colour,  tasteless,  ins<rfuble  in  water,  and  when  gently  heat- 
ed, is  reduced  to'  the  metadhc  state. 

the  composition  of  oxide  of  silver  has  been  very  variously  given, 
pnkMy  from  the  AfficuHy  of  obtaining  it  of  similar  purity.  If  its 
composition  be  inferred  frcma  the  chloride,  or  from  the  sulphuret,  we 
obtain  the  aomiber  109.3  as  the  representative  of  silver,  and  the  oxide 
fritt  coasist  of 

109.3  sBver 
8     oxygen 

117.3  oxide  of  silver 
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Bj  a  direct  experiment  upon  the  oxide  of  silver,  precipitated  b) 
potassa  from  the  nitrate,  it  is  fomid  that  40  grains  gave  7.9  cnbiral 
inches  of  oxygen,  and  36.4  grains  of  silver  remained  ;  the  7.9  cubic 
inches  would  weigh  2.686  grains,  and 

Oz)'gen.  Silver.  Oxji^en.  Silrer. 

2SS6     :     36.4     ::     8     :     108.4 

1  have  preferred  the  number  109.3  as  being  dedaced  from  the  chlo- 
ride, which  is  a  more  oniform  compound  than  the  oxide. 

1226.  Mr.  Faraday  has  rendered  it  probable  that  there  is  another 
combination  of  silver  and  oxygen,  containing  a  smaller  proportion  of 
oxygen  than  the  above,  but  it  is  not  capable  of  combining  with  the  acids. 

1227.  Oxide  of  silver  readily  disscdves  in  ammonia,  and  by  perticu* 
Faininiid(  |^  management,  Rfidminaiine  nlver,  composed  of  the  oxide  combined 
"'''"'          with  ammonia,  may  be  obtamed.     It  was  discovered  by  BeithoUet, 

{AnncUei  de  CJktmie,  Tom.  i.)  The  best  process  for  obtaining  it  is  to 
pour  a  small  quantity  of  liquid  ammonia  upon  the  oxide  ;  a  portion  is 
dissolved,  and  a  black  powder  remains,  which  is  the  detonatiqg  com- 
pound. It  explodes  when  gently  heated  ;  nitrogen  and  water  are  in- 
stantaneously evolved,  and  Sie  silver  is  reduced.  The  oxide  of  lilTer 
should  be  perfectly  pure  and  thoroughly  edulcorated,  and  the  anuaonla 
quite  free  from  carbonic  acid.  It  should  only  be  prepared  in  small 
quantities,  and  handled  with  the  greatest  caution,  many  acddenls  bar- 
ing arisen  from  its  careless  mani^pement.  It  sometimes  explodes  while 
still  wet 

1228.  SUvtr  and  Chlorine. — Cklaride  o/*  Silver, — ^This  compound  is 
easily  procured  by  adding  a  solution  of  chlorine,  of  muriatic  acid,  or 
of  common  salt,  to  a  solution  of  nitrate  of  silver  :  it  fidk  in  the  fenn 
of  a  heavy  insoluble  tasteless  powder,  of  a  white  colour,  but  which,  by 
exposure  to  hght,  becomes  brown,  and  ultimately  black.  When  dij 
chloride  of  silver  is  heated  to  dull  redness  in  a  silver  crucible  it  does 
not  lose  weight,  but  fuses ;  and,  on  coc^ng,  concretes  into  a  grey  «e- 
mi-traasparent  substance,  which  has  been  called  horn  Jtiver,  or  Umn 
cornea.  If  slowly  cooled,  Proust  has  remarked  that  it  has  a  tendency 
to  octoedral  cry^lization.  Heated  to  a  bright  red  or  white  heat  in 
an  open  vessel,  it  volatilises  in  dense  white  fumes. 

1229.  If  fused  with  twice  its  weight  of  potMsa  or  soda,  chlMjide  of 
silver  is  decomposed,  and  a  globule  oif  metallic  silver  is  obtmed.  It 
is  also  rapidly  decomposed  by  tin  and  zi»c.  Triturated  with  zinc  filin^i 
and  moistened,  the  heat  produced  is  so  considerable  as  to  iuse  the  re- 
sulting alloy  of  cine  and  silver. — ^FAaAnAv,  Qiianer/y  Jenmoi  of  Set- 
enee  and  Arts,  viii.  374. 

1230.  Chloride  of  silver  is  very  soluble  in  ansmenia,  a  circmastance 
by  which  it  is  usefully  distinguished  fromeome  other  chliuides,  which. 
like  it,  are  white,  and  formed  by  precipitation.  We  should  be  cautioos 
in  Implying  heat  to  the  ammoniacal  solution,  as  it  soiaetiaieB  forms  s 
precipitate  of  fulminating  silver.  The  ammoniacal  solution  furnishes 
crystals,  which,  when  exposed  to  air,  or  put  into  water,  lose  their 
transparency,  ammonia  is  evolved,  and  they  crumble  into  chloride  of 
silver.  The  fused  chloride,  exposed  to  ammoniacal  gas,  absorbs  a  con- 
juderable  portion,  which  is  given  off  by  heat.  If  the  dry  chloride,  thus 
saturated  with  ammonia,  be  thrown  into  chlorine,  the  ammonia  sponta- 
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neously  inftames.  (Pajiadat, /incma/  of  Science  and  ArUy  VoL  ?.,  p. 
75.)  Chloride  of  sUver  is  soluble  in  and  decomposed  by  all  the  liqnid 
hyposulphites. 

1231.  As  chloride  of  silver  is  insoluble  in  water,  and  very  readily 
formed,  it  is  often  employed  in  analysis,  as  a  means  of  ascertaining  the 
proportion  of  chlorine  present  in  various  compounds.  In  these  cases 
some  excess  of  the  precipitant  should  be  used,  and  the  precipitate 
allowed  to  subside  previous  to  separating  it  upon  the  filter ;  lif  the 
supernatant  liquor  become  perfectly  clear,  the  whole  of  the  silver  has 
fallen ;  if  it  remain  opalescent,  a  portion  is  probably  still  retained. 
The  chloride  in  these  cases  should  be  perfectly  dried  in  a  silver  era-* 
cible,  up  to  incipient  fusion. 

1232.  The  following  are  three  of  the  best  analyses  of  chloride  of 
silver,  and  their  close  correspondence  is  no  small  test  of  their  accu- 
racy. 

lUcctt.  Oay^ntnc.  Jokn  Bary. 

Silver  .  .  75.47     .  •  .  .    75.25    ....     75.5 
Chlorine    24.53    ....    24.75     ....    24.5 


100.00  100.00  100.0 

The  mean  composition  deduced  from  these  experiments  may  be 
ealled 

Silver 76.4 

Chlorine    .  .  .    24.6 

100. 

And  we  msy  accordingly,  without  material  error,  consider  the  chlo" 
.fide  of  silver  as  composed  of 

1  prop  of  silver    =  109.3 
1  —— —  chlorine  =    36. 

145.3  chloride  of  silver."*^ 

1233.  NaHve  Chhride  of  SUver  has  been  found  in  most  of  the  silver 
mines  ;  it  occurs  massive  and  crystallized  in  small  cubes. 

1234.  Chl&rate  of  Siher  is  formed  by  digesting  oxide  of  silver  in 
chloric  acid :  it  forms  small  rhombic  crystals,  which  by  the  action  of 
chknrioe  are  converted  into  chloride  of  silver. 

1235.  Muriatic  acid  has  no  action  upon  a  piece  of  clean  silver,  un- 
less boiied  with  it  for  a  long  time,  when  a  sirght  crust  of  chloride  forms 
upon  it  A  beauti^l  experiment,  illustrating  the  influence  of  electri- 
city oo  cheiiHcal  action,  consists  in  attaching  a  slip  oi  silver  to  one  of 
zinc,  fliid  pnttiBg  the  double  bar  mto  dilute  muriatic  acid ;  the  silver 

•ifr.  Bteiid9MllMKnoKfai4Uflilft(».iioiiipi«  thao  id  several  odieit,  asngned  u^.^n* 

KMMeiperimeiitsorhisoini,  thwigli  this  umot  said,  and  we  therelbre  adhere  to  hi»  l*©- 
portMos,  onlVmaloBr  hew  the  dne  twiecUop  far  cMorine.   ^^^^         . 
"^^      jr--«-5  ,_^,  t  33,5 and  108.6  are  the 

Thus  as,  33^6: 1015::  36: 109^  J  Num.  of  Brande. 

Bat  we  rant  ob8erre,that  io  ewir  case  where  the  »V''''^;iJ'S^^J^!!^^'^Si^L!!^ 
anweo  integer,  the  aceai»«7  <rf  » 18  doih<fal ;  fcf  on  •  Wfisw  of  tht  wOl^ 

(hqr  appear  to  be  evw  iat^^ 
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instantly  acquireH  a  crust  of  chloride  in  consequence  of  the  negative 
enei*gy  imparted  to  it  by  the  zinc,  the  latter  metal  being  rapidly  dis- 
■olred. 

1236.  iodide  of  Silver  is  precipitated  upon  adding  hydriodic  acid  to 
a  solution  of  nitrate  of  silver.  It  is  of  a  greenish  yellow  colour,  in- 
soluble, and  decomposed  when  heated  with  potassa.  It  is  particularly 
characterized  by  insolubility  in  ammonia. 

1237.  lodate  of  Silver  is  precipitated  in  the  form  of  a  white  powder 
by  addmg  iodic  acid  or  iodate  of  potassa  to  a  solution  of  nitrate  of  sil- 
Ter.     It  is  very  soluble  in  ammonia. 

1238.  Nitrate  of  Silver, — Nitric  acid,  diluted  with  three  parts  of 
water,  readily  dissolves  silver,  with  the  disengagement  of  nitric  oxide 

r.  If  the  acid  contain  the  least  portion  of  muriatic,  the  solution  will 
turbid,  and  deposit  a  white  powder ;  and  if  the  silver  contain  cop- 
per, it  will  have  a  permanent  greenish  hue  ;  or  if  gold,  that  metal  m\\ 
remain  undissolved  in  the  form  of  a  black  powder. 

The  solution  should  be  perfectly  clear  and  colourless  ;  it  is  caustic, 
and  tinges  animal  substances  of  a  deep  yellow,  which,  by  exposure 
to  light,  becomes  a  deep,  purple,  or  black  stain,  and  is  indelible,  or 
peels  off  with  the  cuticle  :  it  consists  of  reduced  silver.  It  may  be 
obtained  in  white  crystals,  in  the  form  of  four  and  six-sided  tables,  of 
a  bitter  and  metallic  taste,  and  soluble  in  about  their  own  weight  of 
water  at  60*.  It  blackens  when  exposed  to  light,  and  when  thus  act- 
ed upon,  is  no  longer  perfectly  soluble  in  water,  owing  to  the  separa- 
tion of  a  portion  of  metallic  silver. 

1239.  When  heated  in  a  silver  crucible  it  fuses,  and  if  cast  into  small 
cylinders,  forms  the  lapis  inftmalis^  or  lunar  caustic  of  pharmacy ;  the 
argenti  nitrai  of  the  Pharmacopcsia.  In  forming  this  preparation,  care 
should  be  taken  not  to  overheat  the  salt,  and  the  moulds  should  be 
warmed.  Exposed  to  a  red  beat,  the  acid  is  partly  evolved  and  part- 
ly decomposed,  and  metallic  silver  obtained. 

1240.  Sulphur,  phosphorus,  charcoal,  hydrogen,  and  several  of  the 
metals,  decompose  this  nitrate.  A  few  grains  mixed  with  a  little  sul- 
phur, and  struck  upon  an  anvil  with  a  heavy  haouner,  produce  a  deto- 
nation ;  phosphorus  occasions  a  violent  explosion  when  about  half  a 
grain  of  it  is  placed  upon  a  crystal  of  the  nitrate,  upon  an  anvil,  and 
struck  sharply  with  a  hammer  ;  and  if  heated  with  charcoal,  it  defla- 
grates, and  the  metal  is  reduced. 

If  a  piece  of  silk  dipped  into  a  solution  of  nitrate  of  silver  be  ex- 
posed while  moist  to  a  current  of  hydrogen  gas,  it  is  first  blackened, 
and  afterwards  becomes  iridescent  from  the  reduction  of  portions  of  the 
metal.— Mrs.  Fulhamc's  Essay  on  Combustion. 

A  stick  of  phosphorus,  introduced  into  a  solution  of  nitrate  of  silver, 
soon  becomes  beautifully  incrusted  with  the  metal,  which  separates 
tjpon  it  in  arborescent  crystals.  A  plate  of  copper  occasions  a  bril- 
liant precipitation  of  silver,  and  the  copper  is  oxidized  and  dissolved  by 
the  acid. 

1241.  Mercury  introduced  into  the  solution  of  nitrate  of  silver. 
causes  a  beautiful  crystalline  deposit  of  silver,  called  the  arbor  LHom  : 
it  was  first  remarked  by  Lemery.  To  obtain  this  crystallisation  in  its 
most  perfect  state,  the  solution  should  contain  a  little  mercury,  and  the 
mercury  put  into  it  should  be  alloyed  with  a  little  silver.  Baum6  di- 
ftcts  an  amalgam  of  one  part  of  silver  with  seven  of  mercary,  of  which 
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n  small  piece  is  to  be  introdaced  into  a  solution  composed  of  six  drachmi 
of  saturated  nitrate  of  silver  and  four  drachms  of  a  similar  solution  of 
mercury  diluted  with  five  ounces  of  distilled  water ;  a  small  flask  or 
matrass  should  be  used  ibr  the  experiment,  kept  perfectly  at  rest :  in 
a  few  minutes  smaU  filaments  of  silyer  darken  the  surface  of  the  amal- 
gam, and  in  about  eight  and  forty  hours  the  whole  has  separated  in  a 
^^nib-like  form.  The  principal  use  of  the  addition  of  mercury  to  the 
solution,  and  of  silver  to  the  precipitating  mercury,  is  to  give  a  degree 
of  tenacity  to  the  arborescent  deposit  of  crystals,  which  prevents  their 
falling  to  the  bottom  of  the  flask. 

1242.  The  alcaline  metallic  oxides  decompose  this  salt  of  silver :  it 
is  also  decomposed  by  muriatic,  sulphuric,  phosphoric,  and  boracic 
acid.  The  protosulphate  of  iron  throws  down  metallic  silver  when 
added  to  a  solution  of  the  nitrate  :  protomuriate  of  tin  forms  a  grey 
precipitate  consisting  of  peroxide  of  tin  and  oxide  of  silver. 

1243.  Ammonia  added  to  solution  of  nitrate  of  silver  occasions  a 
precipitate  soluble  in  excess  of  the  alcali. 

1244.  Nitrate  of  silver  is  of  mucb  use,  as  a  test  for  chlorine,  muri- 
atic acid,  and  their  compounds.  It  is  employed  for  writing  upon  linen 
nnder  the  name  of  indtlihU  or  marking  ink,  and  is  an  ingredient  in 
many  of  the  liquids  which  are  sold  for  the  purpose  of  changing  the  co- 
lour of  hair.     It  is  used  in  medicine  and  suigery. 

1245.  Nitrite  of  Silver  is  obtained,  accordii^  to  Proust,  by  long  di- 
gestion of  powdered  silver  in  nitric  acid  already  saturated  with  the 
metal.  It  is  more  soluble  than  the  nitrate,  and  djflicultly  crystalliza- 
ble.  It  appears  not  improbable  that  this  salt  may  contain  the  suboxide 
noticed  by  Mr.  Faraday.  (1226.) 

1246.  Sulphuret  of  Silver, — Silver  readily  combines  with  sulphur, 
and  produces  a  grey  crystaHizable  compound,  considerably  more  fusi- 
ble than  silver.  It  is  Uiis  which  forms  the  taraish  upon  silver  plate. 
(1223)  It  consists  of  1  proportional  of  each  of  its  components. 

Silver  .  .   109.3 
Sulphur.     16. 

125.3  sulphnret  of  silver. 

1247.  Sulphuretted  hydrogen  and  hydrosulphuret  of  ammonia  occa- 
sion a  copious  black  precipitate  of  sulphuret  of  silver  when  added  to 
solutions  of  the  metal ;  a  portion  of  the  silver  is  frequently  at  the  same 
time  reduced  to  the  metallic  state. 

1248.  Native  Sulphuret  of  Silver^  or  vitreous  silver  ore,  is  found  in 
rarioos  forms,  and  when  crystallized,  is  in  cubes,  octoedra,  and  dode- 
cat^ra.     It  is  soft  and  sectile.     The  finest  specimens  are  from  Siberia. 

1249.  A  triple  combination  of  silver  and  antimony  with  sulphur,  con- 
stitutes the  red  or  ruby  silver  ore;  it  is  found  massive  and  crystallized 
in  hexaedral  prisms.  It  consists  of  about  70  parts  of  sulphuret  of  sil- 
ver»  and  30  sulphuret  of  antimony.  It  occurs  in  all  the  silver  mines, 
and  is  sometimes  accompanied  by  the  brittle  sulphuret  of  silver ^  or  silver 
glance, 

1260.  HtfposulpkiU  ofSiher  has  been  examined  by  Mr.  Herschel  in 
his  able  paper  on  the  hyposulphurous  acid  (JEd»n,  Phil,  Journal^  i.  26.) 
It  is  formed  by  dropping  a  weak  solution  of  nitrate  of  silver  into  a  very 
dilute  solotion  of  hyposulphite  of  soda ;  a  white  cloud  is  at  first  produc* 
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ed»  which  r€-di0solyefi  on  agitatioa ;  od  adding  more  of  the  precifMiant,  the 
cloud  re*appear8  and  aggregates  into  a  grey  precipitate,  which  appears 
to  consist  of  hyposulphite  of  silver ;  the  supernatant  liquor  tastes  in* 
tensely  sweet,  which  is  remarkable  considering  the  disgusting  bitterness 
both  of  the  nitrate  and  of  the  hyposulphite,  and  shows,  says  Mr.  Her- 
ffchel,  '*  how  little  we  know  of  the  way  in  which  bodies  afiect  the  or- 
gans of  taste.  Sweetness  and  bitterness,  like  acidity,  seem  to  depead 
upon  no  particular  principle,  but  to  be  regulated  by  the  state  of  com- 
bination  in  which  the  same  principles  exist  at  different  times." 

Hyposulphite  of  silver  is  also  produced  when  chloride  of  silver  is 
dissolved  in  any  of  the  hyposulphites  ;  the  solution  is  intensely  sweet 
without  any  metallic  flavour. 

1251.  Hypondpkite  </  Potassa  and  Silver  is  formed  when  liqaid  po- 
tassa  is  dropped  mto  the  solution  of  chloride  of  silver  in  hyposoJpfaite 
of  soda ;  it  separates  in  the  form  of  a  copious  precipitate,  whuh,  when 
washed  and  dried,  is  found  to  consist  of  small  grey  peariiy  scales :  they 
are  difficultly  soluble  in  water ;  of  a  very  sweet  taste ;  and  heated  be- 
fi>re  the  blow-pipe  afford  a  bead  of  silver. 

1252.  Sulphite  cf  Silver  is  obtained  in  crystalline  graioa  by  digest* 
k^  oxide  of  silver  in  sulphurous  acid. 

1253.  Sulphate  of  Silver  is  deposited  when  sulphate  of  aoda  is  mix- 
ed with  nitrate  of  silver.  It  is  also  formed  by  boiling  silver  in  solphn- 
ric  acid.  It  requires  about  90  parts  of  water  at  60^  for  its  soiotioa ; 
in  boiling  water  it  is  more  soluble  and  is  deposited,  as  the  sobtion  cools, 
in  small  prismatic  crystals :  it  is  decomposed  at  a  red  heat,  it  conaists 
of 

1  proportional  of  oxide  of  silver  s  117.S 
1  ..............^  sulphuric  add  =  40 

157.3  sulphate  of  silver. 

1254.  A  compound  acid,  which  may  be  called  tutrth-sulphuric^  con- 
sisting of  one  part  of  nitre  dissolved  in  about  ten  of  sulphuric  acid,(fis- 
solves  silver  at  a  temperature  below  200^,  and  the  solution  admits  of 
DK)derate  dilution  before  sulphate  of  silver  separates  from  it  This 
acid  scarcely  acts  upon  copper,  lead,  or  iron,  unless  diluted  with  wa- 
ter ;  it  is,  therefore,  useful  in  separating  the  silver  from  old  plated  ar- 
ticles :  the  precious  metal  may  aAerwarids  be  separated  either  in  tke 
form  of  chloride,  by  adding  common  salt ;  or  by  diluting  the  acid  and 
continuing  the  immersion  of  the  pieces  of  copper  which  have  lost  their 
Silvering,  and  which  will  now  dissolve  in  the  diluted  acid  and  occasion 
the  precipitation  of  metallic  silver. — ^Keir,  PhU.  Trans.,  boou 

1255.  Phosphuret  of  Silver  is  a  white  brittle  compound. 

1256.  Neither  Hypophosphile  nor  Phosphite  of  Silver  hare  been  ex- 
amined. 

1257.  Phosphate  of  Silver  is  formed  by  dropping  a  solution  of  phos- 
phate of  soda  into  nitrate  of  silver.  It  is  of  a  yellow  colour,  and  con- 
sists, according  to  Berzelius,  {AinuUes  de  Okimts,  et  Physi^/ne,  Tom.  ii) 
of 

83  oxide  of  silver 
17  phosphoric  acid 

100 
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so  that  it  may  be  considered  as  a  compound  of  1  proportional  of  oxide 
of  silyer  -=•  1 17.3  +  1  proportional  of  phosphoric  acid  =  28. 

1268.  CarbofuUt  of  Silver  is  precipitated  in  the  form  of  a  white  in- 
soluble powder,  by  adding  carbonate  of  potassa  to  nitrate  of  siWer.  It 
blackens  by  exposure  to  hght.    It  consists  of 

1  proportional  of  carbonic  acid     =     22 
1  oxide  of  silver  =  117.3 


Carbonate  of  silver  =  139.3 

1259.  Carbonate  of  anmioiiia  only  throws  down  a  portion  of  the  sil- 
ver from  the  nitrate,  and  Ibrms  a  triple  ammomo-carbcnaU  of  ttfvcr. 

1260.  BoraU  of  Silver  is  thrown  down  from  the  nitrate  of  silver  in 
the  ibrm  of  white  powder,  by  adding  solution  of  borate  of  soda. 

1261.  Hydrocyanic  acid  and  hydrocyanate  of  potassa  cause  a  white 
precipitate  in  solutions  of  silver,  which  appears  to  be  acyannret  of  sil- 
ver, and  which,  when  heated,  gpves  out  cyanogen. 

1262.  Artemit  of  Silver  is  precipitated  in  the  form  of  a  white  pow- 
der, soon  becoming  yellow  and  brown,  by  the  addition  of  solution  of  ar- 
aentovtt  acid  to  nitrate  of  nlver. 

1263.  ArsemaU  of  Silroer  is  thrown  down  from  nitrate  of  silver  by 
4an«iiic  acid,  of  a  reddish  brown  colour. 

1264.  Moiybdate  cf  Silver  has  not  been  examined. 

1265.  C3kromate  of  Sih$r  is  precipitated  of  a  crimson  colour  by  add- 
ing chromate  o£  soda  to  nitrate  of  silver.  It  soon  loses  its  brilliant 
tint  and  becomes  brown. 

1266.  7\ciigsW«  of  Si^vfr— not  examined. 

1267.  The  soluble  salts  of  silver  are  recognised  by  furnishing  a 
white  precipitate  with  muriatic  acid,  which  blackens  by  exposure  to 
light,  imd  which  is  readily  soluble  in  ammonia  ;  and  by  affording  me- 
tallic silver  upon  the  immersion  of  a  plate  of  copper.  The  salts  inso- 
luble in  water  are  soluble  in  liquid  ammonia,  and  when  heated  on  char- 
coal before  the  blow-pipe  they  afford  a  globule  of  silver. 

1268.  AU&^s  of  SUver.'^The  compounds  of  this  metal  with  potas- 
sium, sodium,  and  manganese,  have  not  been  examined.  It  unites  dif- 
^ultly  with  iron. 

1269.  When  silver  and  steel  are  fused  together,  an  alloy  is  formed, 
which  appears  perfect  while  in  fusion,  but  globules  of  silver  exude  from 
it  on  cooling,  which  shows  the  weak  attraction  of  the  metals.  At  a 
very  hi^  temperature  the  greater  part  of  the  silver  evaporates,  but  a 
portion  equal  to  about  1  in  500  remains,  forming  a  perfect  alloy,  admi- 
rably adapted  to  the  formation  of  cutting  instruments. — Stodart  and 
Faraday,  on  the  Alloys  of  Steel.     Quarterly  Journal^  ix. 

1270.  Silver  readily  combines  with  zinc  and  tin,  forming  brittle  al- 
loys. The  alloy  of  silver  with  copper  is  of  the  most  importance,  as  it 
constitutes  plate  and  coin  By  the  addition  of  a  small  proportion  of 
copper  to  silver,  the  metal  is  rendered  harder  and  more  sonorous, 
while  its  colour  is  scarcely  impaired. 

The  standard  silver  of  this  country  consists  of  11^  pure  silver  and 
ifcopper.  A  pound  troy,  therefore  is  composed  of  1 1  oz.  2  dwts. 
pure  silver,  and  18  dwts.  of  copper,  and  it  is  coined  into  66  shillings. 
With  lead  the  alloy  is  grey  and  brittle,  as  also  with  antimony,  bismuth, 
cobalt,  and  arsenic. 
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1271.  Amalgam  of  silver  is  sometimes  employed  for  plating;  it  is 
applied  to  the  surface  of  copper,  and  the  mercury  being  evaporated  by 
heat,  the  rcmainiDg  silver  is  burnished.  The  better  kind  of  plating, 
however,  is  performed  by  the  application  of  a  plate  of  silver  to  the 
surface  of  the  copper,  which  is  afterwards  beaten  or  drawn  out. 
Siiveriopfor  1272.  A  mixture  of  chloride  of  silver,  chalk,  and  pearlash,  is  em- 
^'*^*'  ployed  for  silvering.brass  :  the  metal  is  rendered  very  clean,  and  the 

above  mixture,  moistened  with  water,  rubbed  upon  its  surface.    Id 
this  way  thermometer  scales  and  clock  dials  are  usually  silvered. 

1 273.  The  analysis  of  alloyed  silver  is  a  very  important  process, 
and  in  continual  practice  by  refiners  and  assayers.  It  may  be  per- 
formed in  the  humid  way  by  dissolving  the  alloy  in  nitric  acud,  precipi- 
tating with  muriatic  acid,  and  either  reducing  the  chloride  by  potassa 
in  the  way  above  described  (1229),  or  estimating  the  quantity  or  silver 
which  it  contains.  The  usual  method,  however,  which  is  employed  at 
the  mint,  and  by  the  refiners,  is  cupelloH&n. 

1274.  Of  the  useful  metals,  there  are  three  only  which  are  capable 
of  resisting  the  action  of  air  at  high  temperatures  ;  these  are  silver, 
gold,  and  platinum ;  the  others,  under  the  same  circumstances,  become 
oxidized ;  it  might,  therefore,  be  supposed,  that  an  alloy,  contBiiiing 
one  or  more  of  the  former  metals,  would  suffer  decomposition  by  mere 
exposure  to  heat  and  air,  and  that  the  oxidable  metal  would  bom  away. 
This,  however,  is  not  the  case  ;  for  if  the  proportion  of  the  latter  be 
small,  it  is  protected,  as  it  were,  by  the  former ;  or,  in  other  cases,  a 
film  of  oxide  coats  the  fused  globule,  and  prevents  the  further  action 
of  the  air.  These  difficulties  are  overcome  by  ad^ng  to  the  alloy 
some  highly  oxidable  metal,  *  the  oxide  of  which  is  fusible.  Lead  is 
the  metal  usually  selected  for  this  purpose,  though  bismuth  will  also 
answer.  Supposing,  therefore,  that  an  alloy  of  silver  and  copper  is  to 
be  assayed,  or  analyzed  by  cupellation :  the  following  is  the  mode  of 
proceeding. 

A  clean  piece  of  the  metal,  weighing  about  30  grains,  is  laminated, 
and  accurately  weighed  in  a  very  sensible  balance.  It  is  then  wrap- 
ped up  in  the  requisite  quantity  of  sheet  lead,  (pure  and  reduced  from 
litharge,)  and  placed  upon  a  small  cupel,  or  shallow  crucible,  made  of 
At**j'iog.  ijQ^g  earth,  which  has  been  previously  heated.  The  whole  is  then 
placed  under  the  muffle,  heated  to  bright  redness^;  the  metals  melt, 
and  by  the  action  of  the  air  which  plays  over  the  hotsurfiice,  the  lead 
and  copper  are  oxidized  and  absorbed  by  the  cupel,  and  a  button  of 
pure  silver  ultimately  remains,  the  completion  of  the  process  being 
judged  of  by  the  cessation  of  the  oxidation  and  motion  upon  the  surfiice 
of  the  globule,  and  by  the  very  brilliant  appearance  assumed  by  the 
silver  when  the  oxidation  of  its  alloy  ceases.  The  button  of  pore 
metal  is  then  suffered  to  cool  gradually,  and  its  loss  of  weight  will  be 
equivalent  to  the  weight  of  the  alloy,  which  has  been  separated  by 
oxidation « 

To  perform  this  process  with  accuracy,  many  precautions  are  re- 
quisite, and  nothing  but  practice  can  teach  these,  so  as  to  enable  the 
operator  to  gain  certain  results.  An  excellent  article  upon  the  subject 
will  be  found  in  Aikin's  Chemical  Dictionary,  and  if  Mr.  CaiLOXEK'* 
Translation  of  Thejvard  on  Qiemiccd  Analysis. 
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Section  XXXV.     Gold. 

1275.  Gold  occurs  in  nature  in  a  metallic  state,  alloyed  with  a  lit- HUtery. 
tie  silver  or  copper,  and  in  this  state  is  called  jiuitivt  gold.     Its  colour 

is  various  shades  of  yellow ;  its  forms  are  massive,  ramose,  and  crys- 
tallized in  cuhes  and  octoedra.  The  veins  of  gold  are  confined  to 
primitive  countries,  hut  large  quantities  of  this  metal  are  collected  in 
alluvial  soils  and  in  the  beds  oi  certain  rivers,  more  especially  those 
of  the  west  coast  of  Africa,  and  of  Peru,  Brazil,  and  Mexico.  In  Eu- 
rope, the  streams  of  Hungary  and  Transylvania  have  afforded  a  respec- 
table quantity  of  gold  ;  it  has  been  found  also  in  the  Rhine,  the  Rhone, 
and  the  Danube.  Small  quantities  have  *been  collected  in  Cornwall, 
and  in  the  county  of  Wicklow  in  Ireland. 

1276.  Gold  may  be  obtained  pore  by  dissolving  standard  gold  inMoaeofob- 
nitro-muriatic  acid,  evaporating  the  solution  to  dryness,  re-dissolving  ^**°^°^' 
the  dry  mass  in  distilled  water,  filtering,  and  adding  to  it  a  solution  of 
protoBuIphate  of  iron  ;   a  black  powder  falls,  which,  after  having  been 
washed  with  dilute  muriaUc  acid  and  distilled  water,  affords  on  fusion  a 
button  of  pure  gold. 

1277.  Gold  is  of  a  deep  yellow  colour.     It  melts  at  a  bright  red 
heat,  and  when  in  fusion  appears  of  a  brilliant  green  colour. 

Gold  is  so  malleable  that  it  ma^  be  extended  into  leaves  which  dochartcHn. 
not  exceed  ^7^77  of  an  inch  in  thickness.  It  is  also  very  ductUe.  It 
shows  no  tendency  to  unite  to  oxygen  when  exposed  to  its  action  in  a 
state  of  fusion  ;  but  if  ai^  electric  discharge  be  passed  through  a  very 
fine  wire  of,  gold,  a  purple  powder  is  produced,  which  has  been  con- 
sidered as  an  oxide. 

1278.  Oxide  of  Gold  may  be  obtained  by  adding  a  solution  of  potas- 
sa  to  a  solution  of  muriate  of  gold,  and  heating  the  mixture  ;  the  pre- 
cipitate must  be  washed  first  with  weak  solution  of  potassa,  and  then 
with  water,  and  dried  at  a  temperature  of  100*'  ;  if  the  heat  exceed 
this,  a  portion  of  the  oxide  is  reduced,  and  it  is  then  only  partially  so- 
luble in  muriatic  acid.  If  this  be  regarded  as  a  protoxide,  that  is,  as 
consisting  of  1  proportional  of  gold  +  1  of  oxygen,  then  the  number 
103.4-f  7.5  :  97  :  :  8  :  103.4  wiU  represent  gold,  and  this  oxide  will 
consist  of  103.4  gold  +  8  oxygen  =111 .4*.  It  is,  however,  probable 
thai  the  purple  powder  produced  by  the  combustion  of  gold  contains 
a  portion  of  oxygen. 

1279.  C3Uori£  of  Gold. — ^When  gold  in  a  state  of  minute  divison  issaiuof  foia. 
heated  in  chlorine,  a  compound  of  a  deep  yellow  colour  results,  which 

is  said  to  consist  of  103.4  gold  +  36  chlorine.    When  acted  upon  by 
water,  a  muriate  of  gold  is  produced. 

1280.  The  action  of  iodine  on  gold  has  been  examined  by  M.  Pelle- 
tier,  {^QuarUrly  Joumcd  of  Science  and  Arts,  x«  121.)  When  hydrio- 
date  of  potassa  ia  added  to  muriate  of  gold,  it  produces  a  very  co- 
pious yellowish  brown  precipitate*  insoluhle  in  cold  water,  and  easily 
decomposed  by  heat.    It  gave  on  analysis 

Iodine 34 

Gold 66 


*Thi»9e  numbers  are  deduced  Gvm  PtooaCs  expenmeiits.— Nichouok'b  Jwrnnly  Vol  %vf. 
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If  ihk  be  considered  a  compooRd  of  1  proportional  gold  and  I  of 
iodine,  the  number  242.6  must  be  adopted  as  the  representative  of  gold, 
for  34  :  66  ::  *125  :  242.6,  a  number  so  much  at  variance  with  that 
deduced  from  other  experiments,  a»  to  show  the  necessity  of  farther 
inquiries,  before  either  be  adopted. 

1 28 1 .  J^itraie  of  Gold. — The  nitric  acid  has  scarcely  any  adion  npoc 
gold,  bat  it  readily  dissolves  the  oxide,  forming  a  yellow  styptic  deli- 
quescent salt. 

1282.  The  true  solvents  of  gold  are  solution  of  chlorine  and  mtpo- 
muriatic  acid  ;  the  latter  is  osudly  employed,  composed  of  two  parts  of 
muriatic  and  one  of  nitric  acid.  By  evaporation,  the  saturated  solotios, 
which,  however,  is  always  add,  attbrds  prismatic  crystals  otmmriaUi^ 
gold.  This  salt  is  very  deliquescent ;  it  is  decoo^posed  by  lieat,lear- 
ing  a  spungy  mass  of  pure  gold  ;  a  very  minute  porticm  of  the  metal 
also  passes  off  with  the  muriatic  acid. 

1283.  When  potassa  is  added  to  the  solutioD  of  nmriate  of  gsld,  no 
precipitate  occurs  till  heat  is  applied,  when  a  reddish-yellow  precipi- 
tate £ilk,  which  is  peroxide  of  gold  (1278)  ;  the  whole  of  the  netid, 
however,  is  not  thrown  down,  a  portion  being  retained  so  aato  form  a 

TnpU  MD-  ^^pi^  muriate  of  gold  and  pota$9ay  which  is  very  soluble  and  ast  de- 
composed by  further  excess  of  alcali :  it  is  on  this  account  that  a  verj 
acid  solution  of  muriate  of  gold  will  afibrd  no  precipitate  whatever  in4 
potassa  or  soda,  the  tri^e  sdt  formed  being  in  that  case  aoffideot  to  em- 
ploy the  whole  of  the  oxide  of  gold.  M.  Pelletier  has  stated  that 
potassa  alone  dissolves  oxide  of  gold,  and  has  called  the  coaipoond  ow- 
raie  of  poia$$a. 

1284.  When  liquid  ammonia  is  added  to  a  coacenitrated  solatioo  of 
muriate  of  gold  diluted  with  about  three  parts  of  water,  a  ydWwish- 
browtt  precipitate  is  formed,  which  if  collected  upon  a  iker,  washed 

M-inti^  with  a  litUe  water,  and  carefully  dried  at  the  temperature  of  212^',  is 
fulmifuuimg  gold.  Bergman  first  showed  tlu^  this  compound  consiife  of 
about  five  parts  of  peroxide  of  gold  anif  one  of  anomonia :  when  heatsd 
to  about  400<^,  it  explodes  violently,  the  gold  is  reduced,  aaA  nitrsgea 
and  water  are  evolved ;  hence  it  appears  that  the  aamioaia  is  decom- 
posed, diat  its  hydrogen  uniting  with  the  oxygen  of  the  oxide  ftnm  war 
ter ,  and  that  the  nitrogen  is  suddenly  liberated.  It  explodes  by  fiiction 
with  hard  bodies,  and  by  an  electrical  shock.  If  two  or  three  ffvm 
be  detonated  upon  athin  piece  of  piatiamn  leaf,  the  metal  is  torn  s^  the 
point  of  contact. 

1285.  Muriate  of  gold  is  decomposed  by  phosphonv  amd  charcoal, 
and  by  sulphurous  acid :  a  piece  of  paper,  moistened  with  it  and  «- 
posed  to  light,  also  becomes  purple  in  consequence  of  its  deconqiositioB. 

1286.  When  solution  of  protosulphate  of  iron  is  added  to  muriate  of 
gold  the  mixture  instantly  acquires  a  dii^  green  or  brown  tinge,  and 
appears  ofa  beautiful  green  if  viewed  by  stroqg  transmitted  li^:  these 
appearances  depend  upon  the  presence  of  an  infinite  nuari>or  of  amsfl 
particles  of  gold  in  the  metallic  state,  its  oxygen  haviog  beem  imparted 
to  the  salt  of  iron  :  they  soon  subside  in  the  fonn  of  a  brown  powder« 
which  may  be  collected  upon  a  filter  and  Ihsed  into  a  button.  This  me- 
thod of  separatipg  gold  from  its  solution  is  often  convenient  in  analyti- 
cal operations. 

*  Th«iiaBibwi«pRaeofiiigM)diae,udthe(x4roaedMisodd:  probtbilr>ACOR«cU 
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\Wt*  Protomuriate  of  tin,  added  to  mariate  of  gold,  occasions  an 
iastaat  change  of  colour  to  a  reddish  brown  or  dirty  purple  :  if  a  piece 
of  tin  foil  be  immersed  io  a  dilute  solution  of  the  muriate  of  gold,  the 
same  purple  powder  is  presently  thrown  down  upon  it :  this  powder 
is  used  in  enamel  painting,  and  for  tinging  glass  of  a  fine  red  colour^ 
under  the  name  of  purple  qJ  Ounu^ :  it  is  a  compound  of  peroxide  of 
tin  and  oxide  of  gold,  the  latter  metal  appearing  to  be  in  a  very  low 
state  of  oxidizement,  and  yet  soluble  in  muriatic  acid  :  it  is  also  soluble 
in  ammonia,  ibrming  a  deep  purple  liquor.  It  would  appear  from 
Proust's  experiments  to  consist  of  about  three  parts  oxide  of  tin,  and 
one  of  oxide  of  gold. 

1288.  If  a  solution  of  muriate  of  gold  be  mixed  with  sulphuric 
ether  it  combines  with  the  oxide,  and  an  ethereal  solution  of  gold  is  ob« 
tained.  Policed  steel  dipped  into  this  solution  acquires  a  coat  of 
gold,  and  it  has  hence  been  employed  for  gilding  delicate  cutting  instru^ 
ments.     (See  Sulphuric  Ether.) 

1289.  Sidphuret  of  Gold  is  procured  by  passing  sulphuretted  hydro- 
gen through  an  aqueous  solution  of  muriate  of  gold.  It  is  a  black  sub- 
stance consisting  probably  of  103.4  gold  4-  ^^  sulphur. — Oberxampfj 
AnnalesdeChitnie^  Tom.  Ixxx. 

1290.  Suiphate  of  Gold  is  formed  by  digestingthe  oxide  in  dilute  sul- 
phuric acid,  but  the  salt  has  not  been  examined. 

1291.  PhoMphuretofGold  is  obtained  by  heating  gold  leaf  with  phos- 
phorus, in  a  tube  deprived  of  air.  It  is  a  grey  substance  of  a  metal- 
lic lustre,  and  consists  probably  of  103.4  gold  +  12  phosphorus. 

1292.  Alloys  of  Gold. — A  very  curious  detail  of  an  extended  and 
accurate  series  of  experiments  upon  the  alloys  of  gold  has  been  pub- 
lished in  the  Philosophical  Transactions  for  1 803,  by  Mr.  Hatchett :  his 
experiments  were  generally  made  with  11  parts  of  gold  and  1  of  alloy  ; 
or  38  grains  of  alloy  to  the  ounce  of  gold. 

1293.  The  alloys  of  gold  with  potassium,  sodium,  and  manganese, 
have  not  been  examined.  With  iron  the  alloy  is  malleable  and  ductile, 
and  harder  than  gold,  its  colour  dull  white,  and  its  specific  gravity 
16.885.  The  metals  expand  by  union,  so  that  supposing  their  bulk 
before  combination  to  have  been  1000,'afler  combination  it  is  1014.7. 

1294.  With  zinc  the  compound  is  brittle  and  brass-coloured.  Spe- 
cific gravity  16.937.  The  metals  contract  a  little  in  uniting,  the  origin- 
al bulk  being  1000,  that  of  the  alloy  is  997.  The  brittleness  conti- 
nued when  the  zinc  was  reduced  to  ^  of  the  alloy.  The  fames  of 
zinc  in  a  furnace  containing  fused  gold,  make  it  brittle. 

1295.  Tin  formed  a  whitish  alloy,  brittle  when  thick,  but  flexible 
in  thin  pieces.  Specific  gravity  17.307.  Bulk  before  fusion  1000; 
after  fiision  981.  So  that  there  is  considerable  contraction.  The  old 
chemists  called  tin  diabolus  nutallorumy  from  its  property  of  rendering 
gold  brittle,*  but  Mr.  Bingley's  experiments  quoted  by  Mr.  Hatchett, 
show  that  ^^  of  tin  does  not  render  gold  brittle. 

1296.  The  alloy  of  lead  is  very  brittle  when  that  metal  only  consti- 
tutes jJ^,  of  the  alloy  ;  even  the  fumes  of  lead  destroy  the  ductility 
of  gold."  The  specific  gravity  is  18.080 ;  and  1000  parts  become 
1005.  A  very  remarkable  fact  in  respect  to  this  alloy  is,  that  its  spe- 
cific gravity  diminishes,  to  a  certain  extent,  as  the  proportion  of  lead 
diminishes,  and  is  at  its  maximum  when  the  lead  amounts  only  to  ^J^th 
part,  the  qnantitv  of  gold  remaining  the  same,  and  the  deficienry  b^injr 
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laade  up  with  copper.    The  foUowiog  Table,  drawn  up  by  Mr.  Had^- 
ett,  exhibits  Uus  remai'kable  fact : 


NKTALS. 

Gold 

Lead 

442 

38 

18.080 

1000 

1005 

5 

Gold 

LT". ; : : : 

442 
19 
li 

17.765 

1000 

1005 

6 

Gold 

Copper  .  .  •  « 
Lead 

442 

30 

8 

17.312 

1000 

1022 

22 

Gold    .  .  .  .  b 

ar;::: 

442 
34 

4 

17.032         1000 

10S5 

35 

Gold 

Copper  .... 
Lead 

442 
37.5 
0.5 

16.627 

1000 

1057 

67 

Gold 

ar ; : ; : 

442 
37.75 
0.75 

17.039 

1000 

1031 

31 

1297.  The  alloy  with  nickel  was  of  a  brass  colour  and  brittle.  The 
specific  gravity  of  the  gold  being  19.172,  and  of  the  nickel  7.8,  that  of 
the  alloy  was  17.068.  An  expansion  had  taken  place,  1000  parts  be- 
fore fusion  having  become  1007. 

1298.  With  cobalt  the  alloy  was  very  brittle.  Specific  gravity 
17.112.     lOOOparts  became  1001  after  fusion. 

1299.  With  bismuth  the  alloy  was  of  a  brass  colour,  very  brittle, 
and  of  a  specific  gravity  =  18.038.  1000  parts  became  988  after  fu- 
sion, so  that  the  condensation  was  considerable.  W^hen  the  bismatb 
nmoimted  only  to  t^t^  P^^*  ^^^  ^^^^y  ^^  ^^^U  brittle,  though  the 
colour  was  nearly  that  of  gold. 

1300.  Will]  copper  (standard  gold)  the  alloy  is  perfectly  ductile  and 
malleable,  but  harder  than  pure  gold,  and  resists  wear  better  than  any 
other  alloy  except  that  with  silver.  Its  specific  gravity  is  17.157. 
Gold  coin  is  an  alloy  of  eleven  parts  of  gold  and  one  of  copper ;  of 
this  alloy,  twenty  troy  pounds  are  coined  into  934  sovereigns  and  one 
half  sovereign  ;  one  pound  formerly  was  coined  into  44|  guineas ;  it 
now  produces  46|A  sovereigns. 

1301.  Arsenic  and  antimony,  when  alloyed  in  very  small  proportiosi 
with  gold,  destroy  its  colour  and  render  it  quite  briitle. 

1302.  The  analysis  of  most  of  the  alloys  of  gold  is  performed  bj 
cJipellation.  The  triple  alloy  of  gold,  silver,  and  copper,  naay  be  an- 
alyzed by  digesting  it  in  nitric  acid,  which  takes  up  the  silver  and  cop- 
J»er,  anJ  leaves  the  gold  in  the  form  of  a  black  powder,  which  may  be 
fused  into  a  button,  and  weighed.  The  silver  may  be  thrown  dotvn  in 
the  state  of  chloride  by  solution  of  common  salt,  and  the  copper  preci- 
pitated by  iron. 

1303.  The  a?say  of  gold  is  more  complicated  than  that  of  silver,  in 
rousequcnce  of  the  high  attraction  which  it  has  for  copper,  and  which 


COMBINATIONS  OF  FLATIlirUM.  307 

prerents  its  complete  separation  by  mere  cnpellation.  ^An  alloy,  there- 
fore, of  copper  with  gold,  is  combined  with  a  certain  quantity  of  sil* 
ver,  previous  to  cupellation  ;  this  is  then  cupelled  with  lead^  in  the 
usual  way,  and  the  silver  is  afterwards  separated  by  the  action  of 
nitric  acid. 

1304.  The  real  quantity  of  gold  or  silver  taken  for  an  assay  is  very 
«msdl ;  from  18  to  36  grains,  for  instance,  for  silver,  and  from  6  to  12  for 
gold  ;  whatever  the  quantity  may  be  it  is  called  the  assay  pound.  The 
silver  assay  pound  is  divided  into  12  ounces,  and  each  ounce  into  20 
peony-w.eights.  The  gold  assay  pound  is  subdivided  into  24  carats, 
and  each  carat  into  4  assay  grains. — ^Aikin's  Dictionary.    Art.  Assav. 

1305.  Mercury  and  gold  combine  with  great  ease,  and  produce  a 
white  amalgam  much  used  in  gilding.  For  this  purpose  the  amalgam 
is  applied  to  the  surface  of  the  silver  ;  the  mercury  is  then  driven  off 
by  heat,  and  the  gold  remains  adhering  to  the  silver,  and  is  burnished. 
This  process  is  called  water  gilding. 

in  gilding  porcelain  gold  powder  is  generally  employed,  obtained  by 
the  decomposition  of  the  muriate  ;  It  is  applied  with  a  pencil,  and  bur- 
nished after  it  has  been  exposed  to  the  heat  of  tbe  porcelain  furnace. 

Many  curious  facts  relating  to  the  properties  of  gold,  and  its  uses  in 
the  arts,  will  be  found  in  Dr.  Lewises  Philosopliical  Cknnmerct  of  the 
Art9. 


Section  XXXVI.     Platinum. 

1306.  This  metal  is  found  in  small  grains  in  South  America,  confio-  Hutorj. 
ed  to  alluvial  strata  in  New  Granada.     These  grains,  besides  platinum, 
contun  generally  gold,  iron,  lead,  palladium,  rhodium,  iridium,  and  os- 
miem. 

The  pure  metal  may  be  obtained  by  dissolving  crude  platinum  in  m-M<Ki«of « 
tro-muriatic  acid,  and  precipitating  by  a  solution  of  muriate  of  ammo-*"""' 
nia.  This  first  precipitate  is  heated,  dissolved  in  nitro-muriatic  acid, 
and  again  precipitated  as  before.  The  second  precipitate  is  heated 
white  hot,  and  pure  platinum  remains.  It  is  a  white  metal,  extremely 
difficult  of  fusion,  and  unaltered  by  the  joint  action  of  heat  and  air. 
lis  specific  gravity  is  91.5.     It  is  very  ductile,  malleable,  andtena- 

1307.  Platinum  and  Oxygen.-^Vfhen  nitrate  of  mercury  is  added  to 
a  dilute  solution  of  muriate  of  platinum,  a  powder  falls,  which,  when 
carefully  heated,  gives  off  calomel,  and  leaves  r  black  oxide  of  plaii- 
jfiMR,  composed,  according  to  Mr.  Cooper,  of  100  platinum,  +  4.5  ox- 
ygen.— Joumcd  of  Science  and  the  Aris^  Vol.  iii. 

Berzelius  obtained  an  oxide  of  platinum  by  decomposing  the  mu- 
riate by  sulphuric  acid,  and  adding  excess  of  potasaa  to  the  sulphate  ; 
a  yellowish  brown  powder  was  obtained,  which  became  nearly  black 
on  being  dried,  and  consisted  of  100  platinum  -f  16.4  oxygen.  (Xhou- 
soB,  Vol.  i.,  p.  501.)  ;  but,  according  to  Mr.  Davy,  the  oxide,  which 
is  contained  in  the  salts  of  platinum^  consists  of  platinum  100,  oxygen 
1L8. 
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1308*  Chloride  of  PlaHnum  is  obtmned  by  evaporatmg  the  munale 
and  exposing  it  nearly  to  a  red  heat.  Its  colour  is  brown,  and  it  b 
scarcely  soluble  in  water.  It  gives  off  chlorine  by  a  red  heat.  Ac* 
cording  to  Mr.  Edmund  Davy,  to  whom  we  are  principally  indebted  for 
our  knowledge  of  the  combmations  of  platinum,  {Phil.  Mag.  Vol.  xl,) 
H  consists  of  100  platinum  +  37.9  chlorine. 

1309.  Nitro-muriatic  acid  is  the  readiest  solvent  of  platinum.  The 
solution  affords  crystals  which  are  very  deliquescent  and  aprid ;  they 
are  a  muriaU  ofpiuinum.  The  solution  of  this  muriate  is  distingoish- 
ed  from  all  other  metallic  solutions  by  affording  a  precipitate  upon  tbe 
addition  of  muriate  of  ammonia,  which  is  an  ammmio-muriaU  of  pUui- 
num.  Ferrocy^nate  of  potassa  affords  no  precipitate.  The  addition 
of  potassa  occasions  a  precipitate  of  a  triple  compound  of  the  alcali  and 
muriate.  Sulphuretted  hydrogen  occasions  a  black  precipitate.  £ther 
separates  the  oxide  of  platinum  in  the  same  way  as  tliat  of  gold.  Mu- 
riate of  tin  occasions  a  very  characteristic  red  precipitate  in  very  dilate 
solution  of  platinum. 

1310.  There  are,  according  to  Mr.  E.  Davy,  three  s^plmrtU  ofpbi' 
iinwn.  The  first,  foiled  by  heating  the  finely-divided  metal  with  sul- 
phur ;  the  second,  by  precipitating  nitro-muriate  of  platinum  by  salpliu- 
retted  hydrogen ;  and  the  third,  \>y  heating  3  parts  of  the  aiMwmio- 
muriate  with  2  of  sulphur, 

1311.  According  to  the  same  authority  there  are  two  phosphurets. 
The  first,  obtained  by  heating  phosphorus  with  the  metal ;  the  second, 
by  heating  phosphorus  with  the  ammonio -muriate  of  piatinum. 

1312.  The  salts  of  platinum  have  been  but  litUe  examined.  Proust 
and  Davy  have  described  a  sulphate,  obtained  by  acidlfyii^  the  sul- 
phur in  the  sulphuret  by  means  of  nitric  acid.  It  is  of  a  brown  colour, 
and  very  soluble  ;  and  with  soda,  potassa,  and  anunonia,  it  forms  tri]^ 
salts. 

Mr.  Et  Davy  found  that  the  precipitate  by  a  shght  excess  of  ammo- 
uia,  when  boiled  in  potassa,  washed  and  dried,  was  tif^minaHng  piati- 
nuta;  it  explodes  at  about  420*,  with  a  very  loud  report,  and  appears 
to  be  a  compound  of  oxide  of  platinum,  ammonia,  and  waler.-^^'* 
TraiM.,  18|7. 

1313.  A  very  singular  compound  of  platinum  is  described  by  Mr.  E. 
Davy,  in  the  Philoeophical  TransaplioM  (1820,  p.  108),  obtained  by 
mixing  equal  volumes  of  stroi^  aqueous  splution  of  the  sulphate  and 
of  alcohoL  The  colour  of  the  sulphate  slowly  disappears,  and  in  some 
days  a  black  substance  subsides,  which  is  washed  and  dried.  It  is  also 
formed  by  boihng  the  sulphate  and  alcohol  together  for  a  few  minatea. 
This  substance  is  permanent  in  the  air  and  insoluble  in  water.  It  de- 
tonates feebly  ivhen  headed,  and  is  not  affected  by  chlorine,  nor  by 
nitric,  sulphuric,  and  phosphunc  acids  \  but  it  is  slowly  soluble  in  mu- 
riatic acid.  Put  into  liquid  ammonia  it  acquires  fulminating  properties, 

^  •  and  plunged  into  the  gas  it  becomes  red  hot :  the  same  phsnomenpn  is 
exhibited  by  exposing  it  to  the  vapour  of  alcohol,  or  by  placing  it  upon 
a  piece  of  paper  moistened  with  that  fluid :  in  these  cases  the  pktinuffl 
is  reduced  with  the  evolution  of  heat,  and  the  ignition  seems  to  depend 
upon  the  slow  combustipn  of  the  vapour  of  the  alcohol,  as  has  been 
elsewhere  shown.  (191.)  From  Mr.  Davy's  analysis  of  this  compound, 
it  appears  to  contain  9G.25  platinum,  0. 12  oxygen,  0.0106  carbon  3.6 1 94 
uitnc  acid  and  water ;  the  acid  being  derijred  from  the  mode  of  prepar* 
trtg  the  sulphate.  (1312.) 
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13t4.  Expeiiaieiitl  upoo  the  campositton  of  dieTarions  combina- 
tions of  platinum  are  so  eotirely  at  variance  with  theory,  that  in  the 
present  state  of  our  knowledge  it  is  scarcely  possible  to  deduce  the 
number  for  platinum. 

If  the  Uack  oxide,  described  bj  Mr.  Cooper,  be  considered  as  a 
protoxide,  the  number  177.7  will  represent  platinum,  and  the  chloride 
(130B)  will  contain  1  proportional  of  platinum  and  2  of  chlorine.  But 
the  peroxide,  the  phosphurets,  and  the  sulphurets,  will  not  accord  with 
this  number. 

1315.  The  alleys  of  platinum  have  not  been  applied  to  any  useful 
purposes.  By  combining  7  parts  of  platinum  with  16  of  copper  and 
1  of  zinc,  Mr.  Cooper  obtained  a  mixture  much  resembling  gold.-*- 
Journal  of  Science  and  Arts^  Vol.  iii; ,  p.  1 1 9. 

J  316.  Zinc,  bismuth,  tin,  and  arsenic,  readily  combine  with  platinum, 
and  form  fusible  alloys.  It  also  unites,  though  less  readily,  with  cop- 
per, lead,  and  iron.  It  combines  wi^  gold,  and  unless  there  be  great 
excess  of  the  latter,  the  colour  of  the  alloy  resembles  platinum. 

1317.  If  a  small  piece  of  tin,  zinc,  or  antimony,  be  rolled  up  in  pla- 
tinum leaf,  and  exposed  to  the  jet  of  a  blow-pipe,  the  two  metals  com- 
bine with  such  energy,  when  nearly  white  hot,  as  to  produce  a  kind  of 
explosion.  Iron  and  steel  also  remarkably  increase  the  fusibility  of 
platinum. 

1318.  The  alloys  of  steel  and  platinum  have  been  examined  by  Sto- 
dart  and  Faraday.  They  combine  in  all  proportions,  but  from  1  to  3 
per  cent,  of  platinum  appears  best  adapted  for  cutting  instruments. 
Equal  weights  of  the  two  metals  produce  a  fine  hard  and  brilliant  aHoy 
of  a  specific  gravity  of  9.862  ;  it  appears  well  adapted  for  mirrors,  for 
it  takes  a  fine  polish  and  does  not  tarnish.  An  alloy  of  90  platinum  and 
20  steel  has  a  specific  gravity  of  15.88. 

1319.  Platinum  has  the  property  of  being  united  by  welding,  either 
one  piece  to  another,  or  with  iron,  or  steel.  Wires  of  steel  and  pla- 
tinum, when  welded  and  polished,  exhibit  a  curious  and  beautiful  sur- 
£ice,  especially  when  the  steel  parts  are  slightly  acted  upon  by  dilute 
acid.  This  welding  property  of  platinum  may  be  usefully  applied  in 
the  arts  ;  rings  may  be  joined  so  as  to  form  a  chain,  the  durability  of 
which  must  s^  to  its  value  ;  and  with  a  view  to  economy,  platinum 
may  be  joined  to  iron  or  steel  for  many  uses  in  the  laboratory  of  the 
chemist. 


Section  XXX VII.    SiUctum, 

13M.  It  has  been  assumed  that  the  earth  silica  consists  of  a  me- 
tallic basis,  united  with  oxygen,  and  that  it  contains  50  per  cent>  of  each 
of  its  components  ,*  so  that,  if  the  earth  be  considered  a  deutoxide,  it 
wiU  consist  of 


16  silicittm  (1  proportional) 
16  oxygen   (2  proportions^) 
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This  estimate  of  the  Composition  of  silicft  is  dcdac«a  team  tic 
)|uantity  of  potassium  which  is  required  for  its  decomposition,  Imt  the 
•abject  requires  farther  elucidation. 

1321.  Oxide  of  Stlicium,  Silica^  or  Siliceous  Edrth,  is  a  very  abun- 
dant natural  product.  It  exists  pure  in  rock-crystal,  and  nearly  pure 
in  flint.  It  may  be  obtained  by  heating  colourless  rock-crystal  to  red- 
ness, quenching  it  in  water,  and  reducing  it  to  a  fine  powder ;  in  this 
state  it  is  silica  almost  perfectly  pure.  Fuse  1  part  of  this  powder 
with  three  of  potassa  in  a  silver  crucible.  Dissolve  the  mass  formed, 
in  water,  add  slight  excess  of  muriatic  acid,  and  eTaporate  to  dryness. 

,  Wash  the  dry  mass  in  boiling  distilled  water  upon  a  filter,  and  the  white 
substance  which  remains  is  silica.  This  is  the  asnal  proces»,  but  the 
earth  obtained  by  simply  reducing  the  colourless  rock-crystal  to  pow- 
der, is  more  pure ;  for  I  have  never  been  able  to  separate  the  last  por- 
tions of  alcali  from  silica  precipitated  from  potassa. 

1322.  Silica  is  white  ;  its  specific  gravity  2.66.  It  fuses  at  a  very 
high  temperature.  In  its  ordinary  state  it  is  insoluble  in  water ;  but 
It  dissolves  in  very  minute  portions  in  that  fluid,  when  recenfly  pre- 
cipitated in  the  form  of  gelatinous  hydrate  ;  and  in  the  same  state  it 
dissolves  sparingly  in  the  acids.  It  readily  unites  with  the  fixed  akalis, 
and  forms  glass ;  or,  if  the  alcali  be  in  excess,  a  liquid  solution  of  the 
earth  nay  be  obtained  (liquor  silicum)^  from  which  it  is  precipitaied 
in  the  state  of  a  gelatinous  hydrate  by  acids.  This  akaline  solntioD, 
after  having  been  kept  for  several  years,  has  formed  smaJJ  crystals  of 
silica.     I  have  seen  in  it  a  deposit  much  like  cakedooy,  and  as  hard. 

1323.  Glass  is  essentially  a  compound  of  silica  with  fixed  idcali,  t 
Tariety  of  other  substances  being  occasionally  added  for  particalar 
purposes,  among  which  oxide  of  lead  is  perhaps  the  most  important. 
The  silica  used  in  the  manufacture  of  glass  is  of  various  degrees  of 
puritv ;  fine  white  sand  is  generally  employed  in  this  country  ;  flints, 
and  the  white  quartz  pebbles,  abundant  in  some  rivers,  are  also  occa- 
sionally used.  The  alcali  is  either  potassa  or  soda ;  purified  pearlash 
being  preferred  for  fine  glass ;  while  less  pure  substances,  sach  as 
wood-ash,  barilla,  and  kelp,  are  used  for  common  glass,  where  the  im- 
purities contained  in  those  alcalis  are  of  no  importance.  The  alcali 
is  always  in  the  state  of  carbonate,  but  it  loses  its  carbonic  acid  during 
combination  with  the  silica ;  the  quantity  employed  is  about  half  the 
weight  of  the  silica,  but  there  is  some  loss  during  the  process,  by  eva- 
poration. 

A  glass  composed  solely  of  silica  and  alcali  requires  a  very  high  tem- 
perature for  its  perfect  fusion,  and  is  very  difficult  to  work,  so  that  va- 
rious substances  are  added,  with  the  intention  of  forming  a  more  fiisiUe, 
colourless,  dense,  and  transparent  compound ;  oxide  of  lead,  in  the 
form  of  litharge  or  minium,  is  very  efficacious  in  this  respect ;  it  in- 
creases the  fusibility  of  the  compound,  gives  it  greater  tenacionsness 
when  red  hot,  increases  its  reiractive  power,  and  enables  it  to  be» 
sudden  changes  of  temperature.  It  is  a  copious  ingredient  in  theLoa- 
ionflifU  glass^  celebrated  for  its  brilliancy  when  cut,  and  used  fi>r  most 
optical  purposes.  But  lead,  though  it  confers  these  advantages,  is  pro- 
ductive of  some  evil ;  it  renders  the  glass  so  soft  as  eaaOy  to  Bcrsich, 
and  so  fusible  that  it  softens  at  a  dull  red  heat,  a  quality  which,  thoiig;h 
sometimes  desirable,  is  often  disadvantageous  in  its  chemicai  applsca- 
tiens.    It  is  also  very  difficult  to  obtaia  a  naaa  of  ^ass  contaiiiiii^lead. 


^  equal  density  throughout ;  k  is  generally  wavy,  a  de&ct  especially 
felt  in  selecting  the  object-glasses  of  telescopes. 

Boracic  acid  and  borax  form  an  admirable  flux  for  glass-making,  but 
the  expense  of  those  materials  confines  them  almost  entirely  to  the 
manufacture  of  artificial  gems. 

Black  oxide  of  manganese  has  long  been  used  in  glass-making  ;  it  wan 
ibrmerly  called  g/aMj*  toapy  a  term  implying  its  power  of  cleansing  cer- 
tain impurities,  and  especially  the  green  tinge  which  is  apt  to  arise  from 
impure  alcali ;  but  ii*it  be  added  at  all  in  excess,  it  communicates  a  pur- 
ple tinge,  more  or  less  intense  according  to  its  quantity.  Tliis  purple 
hue  is  destroyed  by  charcoal,  or  by  thrusting  a  billet  of  wood  into  the 
glass-pot,  which  causes  a  slight  efierFescence,  and  the  colour  disappears. 
There  can  be  little  doubt  that  the  carbon  acts  by  deoxidizing  the  man- 
panese,  for  if  a  little  nitre  be  added,  the  purple  colour  returns.  Lime 
in  very  small  quantities  (8  or  10  parts  of  chalk  to  100  of  silica),  is 
sometimes  added  to  glass ;  it  acts  as  a  flux,  but  it  endangers  the  trans- 
parency of  the  compound. 

White  arsenic  is  also  used  as  a  very  cheap  and  powerful  flux  ;  and 
nitre,  in  small  quantities,  is  employed  to  destroy  any  impurities  arising 
from  carbonaceous  matter. 

1324.  The  materials  for  the  manufacture  of  glass  are  submitted  to 
an  operation  called /rith'ng,  before  they  are  transferred  to  the  regular 
glass-furnace.  It  consists  in  exposing  them  to  a  dull  red  heat,  by  which 
xnoisture  and  carbonic  acid  are  expelled,  and  a  slight  degree  of  chemical 
action  induced ;  this  also  prevents  the  excessive  swelling  up  of  the  ma«- 
ierials  in  the  glass-pots,  and  renders  the  process  of  vitrification  more 
certain  and  expeditious. 

The  glass-pots  are  placed  round  a  dome-shaped  furnace,  built  upon 
arches,  and  open  beneath  for  the  free  admission  of  air ;  there  are  ge- 
nerally six  in  each  furnace,  and  they  are  entirely  enclosed  except  at  an 
orifice  on  tlie  side,  opening  into  a  small  recess  formed  by  the  alternate 
projections  of  the  masonry  and  the  flues,  in  which  recess  the  workmen 
stand.  Coal  is  the  fuel  employed,  and  the  furnace  is  so  built  that  a  ra- 
pid current  of  flame  may  be  directed  round  each  glass-pot,  which  af- 
terwards passes  out  with  the  smoke  into  the  dome  and  chimney,  heating 
a  broad  covered  shelf  in  its  passage,  which  is  the  annealing  oven. 

In  the  construction  of  the  furnace  and  pots  the  greatest  care  is  re- 
quired ;  especially  in  the  latter,  which  have  not  only  to  resist  long- 
continued  heat,  but  also  as  far  as  possible,  the  action  of  ingredients 
which  tend  to  accelerate  their  fusion  or  vitrification.  They  are  usual- 
ly made  entirely  ^  a  refractory  clay,  one  portion  being  crude  or  un- 
burnt,  and  another  calcined  and  powdered  ;  the  latter  being  the  re* 
mains  of  former  furnaces  when  pulled  down  for  repairs. 

The  fnt  is  introduced  into  the  glass-pots  through  the  side-opening 
above-mentioned,  and  being  heated  to  bright  redness,  becomes  of  a 
pasty  consistency^  and  at  length  perfectly  fuses.  A  quantity  of  impuri* 
ties  subside  to  the  bottom  of  the  pDt«  and  partly  rise  to  its  suiface. 
The  scum,  known  under  the  name  of  sandiver^  consists  chiefly  of  sa- 
line sobstancesy  partly  volsitile  at  the  high  temperature  of  the  furnace^, 
which  are  removed  from  time  to  time,  and  sold  to  metal  refiners  as  a 
powerful  flux.  The  sandiver  or  glau  gall  being  separated,  the  mate* 
hais  gradually  become  clearer,  abundance  of  air-bubbles  are  extricat- 
edf  and  at  length  Uie  g^ass  appears  uniform  and  complete  ;  the  fire 
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round  the  individual  pot  is  then  damped  till  its  contents  acquire  a  can- 
siatency  fit  for  working,  the  whole  process  requiring  about  48  hours 
from  the  time  the  pots  are  filled.  At  the  working  heat,  which  is  a  full 
red,  the  glass  has  a  very  peculiar  tenacious  consbtency,  and  as  it  ad> 
heres  but  feebly  to  polished  metal,  it  is  easily  wrought  and  managed 
with  iron  tools. 

1325.  All  glass  articles  require  to  be  carefully  annealedy  that  is^ 
su£fered  to  cool  very  slowly,  otherwise  they  are  remarkably  brittle  and 
apt  to  crack,  and  even  fiy  into  many  pieces  upon  the  slighest  totich  of 
any  hard  substance,  as  is  well  shown  in  the  small  drops  of  green  glass 
suddenly  cooled  by  dropping  it  into  water,  and  called  RvperVs  drops ; 
the  instant  tlieir  thin  end  is  broken  off,  they  crumble  into  a  powder  with 
a  kind  of  explosion.  This  phaenomenon,  according  to  Mr.  Aikin, 
"  depends  upon  some  permament  and  strong  inequality  of  pressure, 
for  when  they  are  heated  so  red  as  to  be  soft,  and  merely  let  cool  of 
themselves,  the  property  of  bursting  is  lost,  and  the  specific  gravity  of 
the  drop  increased."  What  are  termed  Bologna  phials  are  also  made 
of  unannealed  glass,  and  fiy  to  pieces  when  a  piece  of  flint  or  other 
bard  and  angular  substance  is  dropped  into  them. 

1326.  The  exact  composition  of  the  different  kinds  of  ^ass  is 
scarcely  known  ;  the  following  proportions  of  the  materials  are,  how> 
ever,  given  in  Messrs.  Aikin's  Dictionary,  to  which  the  reader  isTefer-^ 
red  for  a  very  valuable  article  upon  the  subject  of  glass,  and  &om 
which  I  have  abridged  the  preceding  account. 

Flint  Glas$,     Specific  gravity  about  3.2. 
120  parts  of  fine  clear  white  sand 
40  '  purified  pearlash 

36 litharge  or  minium 

13 nitre 

A  small  quantity  of  black  oxide  of  manganese. 

Crown  GlaiM  or  best  window  glass. 
200  parts  of  soda 

800 fine  sand 

33 lime 

260  ■  ground  fragments  of  glass. 

Green  Bottle  Glass. 
100  parts  of  sand 

30  -^-— .  coarse  kelp 
160 lixiviated  earth  of  wood-ashes 

30 fresh  wood-ash 

80 brick  clay 

100        ■       fragments  of  glass. 

P/a/eG/flM,  invented  by  Abraham  Thevart  in  1688,  was  first  manu- 
factured in  Paris.     It  may  be  composed  of 
300  lbs.  fine  sand 
200  lbs.  soda 
30  lbs.  lime 
32  oz.  manganese 

3  oz.  cobsdt  azure 
SH)  lbs.  firagments  of  good  glass. 
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Thes^  materials  are  brought  into  perfect  fusion,  and  poured  upon  a 
hot  copper-plate,  the  mass  is  then  rolled  out,  annealed,  and  afterwards 
polished  by  grinding  with  sand,  emery,  and  colcothar.  The  difficulty 
of  producing  a  perfect  plate  without  specks,  bubbles,  or  waves,  may 
easily  be  conceived,  and  this,  with  the  risk  of  breakage,  renders  a 
lai^e  plate  extremely  expensire. 

1327.  The  art  of  colouring  glas$^  and  of  making  art^ic%4U  gerru,  is 
of  an  old  date,  and  effected  by  metallic  oxides.  The pmte  for  artificial 
gems  generally  contains  borax,  and  should  be  kept  in  fusion  till  per- 
fectly clear.  The  following  proportions  are  recommended  by  H.  Don*. 
aalt-Wieland.— ^iinaZc*  de  Chim.  et  Phys.y  Tom.  xix.,  67. 

OraiM, 

Powdered  rock-crystal 4056 

Red  lead 6300 

Pure  potassa 2154 

Borax 276 

Arsenic 12 

M.  I^an^on  g^ves  the  following  as  ingredients  for  a  good  paste  :: — 

Graiat. 

Litharge lOO  ^ 

Whito  oand 76 

fV'hite  tartar  or  pot-ash   ....       10 

1328.  The  metals  employed  as  colouring  materials  are:  1.  Gold. 
The  purple  of  Cassius  imparts  a  fine  ruby  tint.  2.  Silver.  Oxide  or 
phosphate  of  silver  gives  a  yellow  colouh  3.  Iron.  The  oxides  of 
iron  produce  green,  yellow,  and  brown,  depending  npon  the  state  of 
oxiducement  and  quantity.  4.  Copper.  The  oxides  of  copper  give  a 
rich  green ;  they  also  produce  a  red  when  mixed  with  a  small  propor- 
tion of  tartar,  which  tends  partially  to  reduce  the  oxide.  6.  Antimony 
imparts  a  rich  yellow.  6.  Manganese.  The  black  oxide  of  this  me- 
tal, in  large  quantities,  forms  a  black  ^ass ;  in  smaller  quantities,  various 
shades  of  purple.  7.  Cobalt,  in  the  state  of  oxide,  gives  beautiful 
blues  of  various  shades  ;  and  with  the  yellow  of  antimony  or  lead  it 
produces  green.  8.  Chrome  produces  fine  greens  and  reds,  depend- 
ing upon  its  state  of  oxydizement 

The  foUowing  are  the  best  authorities  upon  the  subject  of  coloured 
glasses  and  artificial  gems  : — ^Neri,  Art  de  la  Verrerie,  Kitnckel. 
FoNTAinEV,  EncyclojMie  Meihodique.  AnncUei  de  Ckim.  et  Phya.y  xiv. , 
67.  Aixir's  Dictionaryy  Art.  Glass. 

1329.  White  Enamel  is  merely  glass,  rendered  more  or  less  milky  or 
opaque  by  the  addition  of  oxide  of  tin  ;  it  forms  the  basis  of  the  colour- 
ed enamels,  which  are  tinged  with  the  metallic  oxides. 

1330.  The  only  acid  bc^y  which  acts  energetically  upon  silica  is  th0 
hydroilooric  acid  ^618.)  The  result  of  this  action  is  a  gaseous  com- 
pound, which  has  neen  called  sUicated  fluoric  acid,  orfluo'silicic  add  ; 
it  is  probably  a  compound  of  silicium  and  fluorine. 

1331.  To  obtain  this  gaseous  compound,  three  parts  of  fluor  spar, 
and  one  of  silica  finely  powdered,  are  mixed  in  a  retort  with  an  equal 
weij^t  of  sulphuric  acid ;  a  gentle  heat  is  applied,  and  the  ga9  evolv* 
fid  is  to  be  collected  overmercvrv. 
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*  1332.  Silicated  flaoric  acid  is  a  colourless  gas ;  its  odour  is  acrid, 
much  resembling  muriatic  acid ;  its  taste  very  sour ;  its  specific  graTi- 
ty  3.674  compared  with  air;  100  cubic  inches  wei^  110.78  grains, 
so  that  its  specific  gravity  to  hydrogen  is  49.2.  It  extinguishes  burmqg 
bodies.  It  produces  wlute  fumes  when  in  contact  with  damp  air ;  and 
when  exposed  to  water*  two  compounds  of  silica  with  fluoric  acid  are 
formed ;  the  one  acid^  and  dissolved  in  the  water ;  the  other  contab- 
ing  excess  of  silica,  and  insoluble.  The  dry  compound  contains  62  per 
cent,  of  silica ;  the  aqueous  solution  only  retains  65  per  cent.  Water 
dissolves  260  times  its  bulk  of  Uiis  gas. 

1 333.  When  one  volume  of  silicated  fluoric  acid  is  mixed  with  two  of 
ammonia,  a  total  condensation  ensues,  and  a  dry  iilico;fltuU€  of  ammh 
nia  results. 

1334.  Potassium  when  heated  in  tUs  gaa^  bums  and  produces  a 
brown  compound,  which  when  dissolved  in  water,  afibrds  hfirtfituOe 
of  potasta. 

1335.  It  appears  from  the  experiments  of  Mr.  J.  F.  Daniell,  that 
silicium  exists  in  some  of  the  varieties  of  cast  iron  :  {Journal  rfScia^t 
and  ArUy  Vol.  ii.),  and  an  alloy  containing  it  has  been  formed  by  M.  M. 
Stromeyer  and  Berzelius,  (Gilbert's  Annalen^  xxxviii.)  by  exposing 
a  mixture  of  pure  iron,  silica,  and  charcoal,  to  an  intense  heat. 

1336.  The  fossils  cQn«iftting  of  sUica,pure,  or  nearly  so,  are  princi- 
pally the  following  : 

i.  Boch-cr^fital^  or  QtiaW;r,  which  may  be  considered  «» pnre  silica. 
It  crystallizes  in  the  form  of  a  six-sided  prism,  ended  by  aix-sidecT  ^yra- 
ouds  ^  some  varieties  are  peirfectly  tradsparent  and  colourless ;  oCben 
white  and  more  or  less  opaque.  Its  spec^  gravity  is  2.6.  It  is  so 
hard  as  to  give  sparjcs  when  struck  with  steel,  and  is  neaxly  mfeuble. 
The  primitive  ci^stal,  which  is  very  kare,  is  an  obtuse  rhomboid,  flu 
ao^es  of  which  are  94^  tA\  and  86^  36'.  The  finest  specimeBB  are 
brou^t  from  Madagascar  and  the  Alps.  The  perfectly  tnaBpareat 
crystals  found  near  Bristol,  and  in  €oniwtd],  are  sometimes  caUed  Srif- 
td  and  Cornish  diamonds.  The  fine  crystals  are  ctit  into  omaDeots, 
and  sometimes  used  as  a  substitute  for  glass  in  speetedes ;  fliey  are 
then  termed  pebbUi^  and  do  not  so  readily  become  scratched  as  ^aes. 

Brown  andyeUow  crysUUi  of^fiortz  are  fi>uttd  in  great  beaatf  ia  the 
mountain  of  Uaim  Gorm  in  l^otiand,-  and  are  much  admired  for  seal 
stones,  kc  :  they  are  sometimes  improperiy  tensed  topaixes. 

Purplt  ptartz,  or  amoikyti,  is  tinged  wi&  a  litQe  iron  atid  mangsaese. 
Ro$e  ^rlz  derives  its  colour  from  maa^eee.  Prase^  or  green  (fnarU, 
contains  actinolite ;  and  ehryeopraee  is  tmged  of  a  dehcate  apple-greeo 
by  oxide  of  nickel.  Avaniunne  is  a  beautiful  variety  of  quaitc,  of  i 
rich  brown  colour,  which,  firom  a  pecidiarity  of  tnturs,  aj^P^afs  ffled 
with  bright  spaftgles ;  the  finest  specimens  are  from  Sj^Ja ;  it  is  efian 
imitated.  Small  crystals  of  quartz,  tinged  with  iron,  aare  fbund  in  Spain, 
and  have  been  termed  hyacMu  ^  Oanfostaila. 

ii.  Flita^  OuUcedony,  Camdian^  Oniyt^  SardomyXy  and  BioodO^^  <T 
BMoiroipey  and  the  numerous  varieties  oF  jBgcUet  are  priodp^y  coa* 
posed  of  quartz,  with  various  tinging  materiau. 

iii.  Of^  is  among  tiie  most  beautiful  productioHB  Af  the  mineral 
worid ;  it  is  a  con^pound  of  about  90  aiiica  and  10  water,  and  is  distia- 
^^nahed  by  ita  very  brilliant  phy  of  edoun.  The  finest  spedmens 
come  exclusively  firom  Hungary.    Tiiare  t«  a  vainety  ef  dpti  cdM 
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Ihfdr^pkeuuy  wUch  is  white  and  opaque  till  isimened  in  water  ;  it  then 
resembles  the  former. 

Common  Opal  is  usually  of  a  dirty  white,  and  do^s  not  eibibit  the 
colours  of  the  noble  opal ;  it  contains  silica  and  water,  with  a  little  ox- 
ide of  iron,  and  is  not  of  unfrequent  occurrence.    The  substance  called        ' 
menUiie  from  Menil  Montant,  near  Paris,  is  nearly  allied  to  common 
opal.     It  is  found  in  irregular  masses  in  a  bed  of  clay. 

iy.  Pitckstonej  so  called  from  its  resinous  appearance,  contains  73 
per  cent,  of  silica.  Obsidian^  a  volcanic  product,  contains  78  per  cetU, 
of  silica,  and  much  resembles  glass  in  appearance ;  and  the  different 
kinds  of  pumice  are  nearly  pf  similar  composition. 
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1337.  The  earth  alumina  constitutes  some  of  the  hardest  gems,  such 
as  the  sapphire  and  ruby ;  and  combined  with  water^  it  g^ves  a  pecu- 
liar softness  and  plasticity  to  some  earthy  compounds,  such  as  the  dif- 
ferent kinds  of  clay.     It  is  analogically  considered  as  a  metallic  oxide. 

1338.  There  can  I  think  be  tittle  doubt  of  the  existence  of  silicium 
and  olumium,  as  well  as  of  calcium,  and  probably  magnesium,  in  some 
of  the  yarieties  of  jcast-iron  and  steel.    By  fusmg  h^hly  carburetted 
steel  with  alumina,  a  peculiar  alloy  results,  which  is  white,  granular^ 
and  brittle,  and  which  yields  on  analysis  6.4  per  can^.  alumina.    On 
fuaiiig  67  parts  of  this  alloy  with  600  of  steel,  a  compound  is  obtained^ 
which  possesses  all  the  characters  of  the  best  Bombay  wootz  (761),  and 
like  it,  when  its  surface  is  polished  and  washed  oyer  with  dilute  sulphu- 
ric acid,  exhibits  the  striated  appearance  called  damask^  for  which  the 
celebrated  sabres  of  Damascus  are  remarkable,  and  whicjh  renders  it 
probaUe  that  they  also  are  made  of  wootz.    C^uarUrly  Journal  ofSd^ 
ence  and  Arts,  ix.  }•     Many  of  the  yarieties  ot  cast-iron  afford  lime  and 
silica  when  dissolyed  in  acids,  and  it  is  highly  probable  that  those  sub- 
stanceSy  as  well  as  the  alumina  in  the  wootz,  exist  combined  with  the 
iron  in  their  deoxidized  or  metaUic  state. 

1339.  To  obtain  |Mire  alumina  we  add  carbonate  of  ammonia  to  a 
solution  of  alum,  wash,  and  ignite  tiie  precipitate ;  it  is  a  tasteless 
white  substance,  forming  a  cohesiye  mass  widi  water,  and  retaining 
water  eyen  at  a  red  heat.  Its  specific  grayity  is  2.  It  is  soluble  in 
soda  and  potassa,  and  forms  compounds  with  baryta,  strontJa,  lime,  and 
silica.    It  is  an  essential  ingredient  in  pottery  and  porc^sii^* 

1340.  One  of  its  sahne  combinations  is  of  importap^  use  in  the  arts, 
namely,  alum ;  a  triple  wlphaie  of  alumina  and  pfiuusa.  This  salt  is 
usually  prepared  by  roasting  and  lixiyiating  caAain  clays  containing 
pyrites;  to  the  leys,. a  certain  quantity  of  pofl^sa  is  added,  and  the 
thple  salt  is  obtiuned  by  crystallization*. 

Alum  has  a  sweetish  astringent  taste.  U  dissolves  in  5  parts  of  water 
at  00^,  and  the  solution  reddens  blues,    (t  furnishes  octoedral  crystals. 
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When  h6«ted,  it  loses  water  of  crystaUization  a^d  a  paA  of  its  acid, 
aod  becomes  a  white  spongy  mass.  In  its  crystalline  form  it  consists, 
according  to  some  recent  experiments  made  by  Mr.  R.  Phillips,  of 

Sulphate  of  alumina 123.00 

6i-sulphate  of  potassa 119.32 

Water 187.00 

429.32 

Mr.  Phillips  adopts  the  number  24  as  the  representatiye  of  alamiDa, 
and  considers  alum  as  a  compound  of  2  proportionals  of  sulphate  of 
alumina,  1  of  bi-sulphate  of  potassa,  and  22  of  water.  These  propor- 
tions, therefore,  would  be 

Bi-sulphate  of  potassa =  128 

Sulphate  of  alumina    .  .  61.5  X    2  =  123 
Water 9.    X  22  s=  198 

449 

1341.  When  alum  is  exposed  to  an  intense  heat,  it  loses  water,  and 
a  portion  of  acid ;  but  the  whole  of  the  acid  cannot  be  expelled.    It 

'  becomes  li^t  and  spongy ;  and  in  this  state  is  called  in  the  Fharman- 
peta,  Alumen  ustum,  or  exsiccatum.  If  alum  contain  excess  of  potasa 
it  forms  cubic  crystals,  aad  is  known  under  the  name  of  cubic  ahim. 
Some  varieties  of  alum  contain  ammonia. 

1342.  When  alum  is  ignited  with  charcoal,  a  spontaneously  inflam- 
mable compound  results,  which  has  long  been  known  under  the  name 
of  Homherg^s  pyrophoru$.  The  potassa  appears  to  be  decomposed  in 
this  process,  along  with  the  acid  of  the  alum,  and  pyrophorus  is  proba- 
bly a  compound  of  sulphur,  charcoal,  and  potassium,  with  alumioa. 

Pyrophorus  is  most  successfully  prepared  by  the  foUowing  process. 
Mix  equal  parts  of  honey,  or  of  brown  sugar  and  powdered  alum,  in  ao 
iron  ladle,  melt  the  mixture  over  a  fire,  and  keep  it  stirred  till  dry : 
reduce  the  dry  mass  to  powder,  and  introduce  it  into  a  cominm  phial 
coated  with  clay,  and  placed  in  a  Crucible  of  sand.  Give  the  whole  a 
red  heat,  and  when  a  blue  flame  appears  at  the  neck  of  the  phial,  allow 
it  to  bum  about  five  minutes,  then  remove  it  from  the  fire  ;  stop  the 
phial,  and  allow  it  to  cool,  taking  care  that  air  cannot  enter  it 

1343.  Alum  is  of  extensive  use  in  the  arts,  noore  especially  in  dye- 
ing and  calico-printing,  in  consequence  of  the  attraction  which  alumina 
has  for  colnring  matter. 

1344.  A  triple  sulphate  of  oLumina  and  soda  is  described  in  the  ^r- 
Urly  Journal  oj  Science  and  ArU,  (viii.  386.)  in  the  form  of  irregular 
efflorescent  octoe^ra  :  it  appears  to  contain 

2  proportionals  suIiJiate  of  alumina  61.6  X  2  =  123 

1  hi-sul^te  of  soda =  112 

SB  water 9.    X28  =  252 

487 

1345.  The  remaining  salts  of  ahimina  with  the  exception  of  the 
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acetate,  #bich  cemaina  to  be  described,  are  of  little  iooportanee ;  wbat 
is  known  respecting  them  is  fully  detailed  by  Dr.  Thomson. — Stfstem^ 
Vol.  ii.,  p.  510. 

1346.  Under  the  term  corutwlum  certain  mineral  substances  have 
been  included,  composed  of  alumina,  neariy  pure. 

i.  Perfect  oMrundum  occurs  crystallized  in  six-sided  prisms,  transpa- 
rent and  colouriesa.  Its  specific  gravity  is  about  4.  When  blue,  it 
constitutes  the  sapphire  ;  when  red,  the  m^;  when  yellow,  the  on- 
enial  topaz,  or  chryeoliie.  These  gems  are  principally  found  in  alluvial 
deposits.  They  are  mostly  procured  from  Ceylon  and  Pegu  ;  they 
have  also  been  found  in  France  and  in  Bohemia. 

ii.  Imperfect  corundum j  or  adamantine  spar  and  em^ry^  are  neariy  an- 
alogous in  composition  to  the  former  ;  they  contain  from  3  to  5  per 
ceiU»  of  silica  and  1  to  2  of  oxide  of  iron. 

iii.  Spinelle  or  halass  ruby^  is  found  iq  octoedral  crystals,  of  a  red  co- 
lour. It  is  composed  of  74.5  alumina,  15.5  silica,  3.25  magnesia,  1.6 
oxide  of  iron,  and  traces  of  lime  and  oxide  of  chrome.  The  ceylanite 
or  pleonastey  is  a  variety  of  Spinelle.  A  variety,  containing  oxide  of 
zinc,  is  called  zinc  spinelle,  or  aulomalite. 

iv.  The  mineral,  called  Wavellitej  or  hydrargHliiej  is  a  compound  of 
alununa,  phosphoric  acid,  and  water.  It  is  found  in  Devonshire,  in 
small  raidiated  nodules  upon  cla^-slate.  According  to  Berzehus,  (An- 
nates de  Ckkn,  et  Phys.y  Tom.  xii*)  100  parts  afford 

Alumina 35.35 

Phosphoric  acid   ........     33.40 

Fluoric  acid '  2.06 

Lime '     0.50 

Oxides  of  iron  and  manganese      1.25 
Water 26.80 


99.36 


V.  The  occidental  topaz,  found  chiefly  in  Saxony,  Siberia,  Brazil,  and 
Scotland,  consists  of  alumina,  silica,  and  fluoric  acid.  The  schorlous 
heryi  or  pycnite,  and  the  pyropkysalite,  are  nearly  of  the  same  compo- 
-flition. 

vi.  Cryolite,  a  rare  substance  hitherto  only  found  in  Greenland,  con- 
asts  of  alumina,  soda,  and  fluoric  acid.  It  is  white,  amorphous,  and 
translucent. 

vii.  A  mineral,  called  native  alumina,  is  found  upon  the  Sussex  coast, 
near  New-haven.  It  is  white  and  friable,  and  occurs  massive  and  in- 
crusting.     It  contains  alumina  and  sulphate  of  lime. 

1347.  A  very  numerous  and  important  class  of  minerals  consists  of  a 
combination  of  silica  with  alumina,  in  various  proportions,  and  with 
the  occasional  addition  of  the  fixed  alcalis  or  tdcaline  earths,  and  a  fow 
of  the  other  metallic  oxides  :  the  principd  of  these,  which  are  not 
elsewhere  mentioned^  are  the  following : 

i.  Zeolite. — Of  this  mineral  there  are  several  varieties.  The  prin- 
cipal are  the  radiated  or  mesotype  ;  the  nacreous  or  stilbite ;  the  tfflo* 
resctni  or  laumjonite  ;  and  the  cubic  or  analdme.  These  minerals  fuse 
and  intomcace  before  the  blow-pipe,  and  mostly  form  gelatinous  sola* 


318  SlLteO'ALVtUVOVS  MINBRAL8. 

tions  in  the  acid*.    The  following  is  Vaaquelia's  analysia  of  a  ndiated 
or  adcular  zeolite : 

Silica 60.24 

Alumina 29.30 

Lime 9.46 

Water 10.00 

ii.  ApopkjfUiie  and  Chabanie  are  nearly  of  the  same  composition ;  ex- 
cept that  the  latter  contains  about  9  per  cetU.  of  potassa  and  soda. 

lii.  Garnet  occurs  massive,  bat  generally  crystallized  in  dodecaedn. 
The  predauM  garnet  is  red  and  transparent ;  the  common  gamety  red, 
brown,  or  green.  According  to  Vaaquelin,  the  precious  gpimet  conaifte 
of 

Silica 36 

Alumina •  20 

Oxide  of  iron 41 

Lime 3 

The  einnam&n  9tone  of  Ceylon  is  nearly  of  similar  compositioB. 

IT.  Melamte^  OT  black  gamely  contains,  upon  the  same  autkority, 

Silica 35 

Alumina • 6 

Lime 32 

Oxides  of  iron  and  mangiMse 26 

T.  LeueiUy  or  white  volcanic  gamety  contains,  according  to  Klaprotii, 

Silica 64 

Alumina 24 

Potassa .  .     21 

Ti.  Feiwoian,  or  idocraaey  is  brown  or  yellow  red,  and  is  foondcrjs- 
talUzed  in  the  masses  of  rock  ejected  by  Vesuvius  and  Etna.  U  has 
also  been  found  in  the  Alps  and  in  Siberia.  The  Neapolitan  lapidaiies 
call  it  chryioliie  of  Vestmui.  In  composition  it  differs  litde  froDOie- 
lanite. 

vii.  Stdurotidcy  or  grenaUtey  crystallizes  in  four  and  siz-eided  pnans 
often  crossing  each  oUier.     It  consists  of 

Silica 33 

Alumina     ,  .  44 

Lime 3.8 

Oxides  of  iron  and  manganese   «  14 

yiii.  Sodalite  and  nairoliie  are  minerals  containing  a  considerable 
portion  of  soda.  The  former  has  been  analyzed  by  Dr.  Thomson. 
It  has  hitherto  only  been  found  in  Greenland  and  on  Vesuvius,  lu 
colour  is  light  green,  and  it  occurs  massive  and  crystallized  in  rhomboi- 
dal  dodeca&dra.    It  consists  of  * 
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38.42 

silica 

27.48 

ftlumiiia 

23.60 

soda 

2.70 

lime 

3.00 

muriatic  acid 

1.00 

oxide  of  iron 

2.10 

volatile  matter. 

ix«  PrduuU  is  of  a  greenish  colour,  and  radiated  fracture.  It  oc- 
curs massiye  and  crystallized  in  prisms.  A  lamellar  yariety  has  heen 
called  koupholite.  It  is  found  near  the  Cape  of  Good  Hope,  and  in 
France  and  Scotland. 

%•  i^Mtdwnme^  or  triphane,  is  a  mineral  already  alluded  to  in  the 
section  on  Lithium.    It  is  nearly  allied  to  feldspar,  and  consists  of 

65  silica 

26  alumina 

8  lithia 

2  oxide  of  iron. 

100 

id.  ScapoliUy  and  EUaoHu^  or  FeUHein^  are  minerals  hitherto  found 
only  in  Norway :  they  contain  about  45  per  cent,  of  siUca,  and  33  of 
alumina.  The  scapolite  contains  about  18  per  cent,  of  lime ;  the  eia» 
fdiie^  the  same  proportion  of  potassa  and  sooa. 

xii.  Nephritic  stone,  or  jade,  which  is  found  in  the  Alps,  and  in  China 
and  India,  contains,  accordii^  to  Saussure, 

53.7  silica 
12.7  lime 

7  oKide  of  iron  and  manganese 
10.7  soda 

8.5  potassa 

7.4  water  and  loss.  ^ 

100.0 

The  Chinese  cut  this  substance  into  figures,  and  it  is  sometimes  used 
fiir  Ibe  handles  of  eutting^nsttuments.  In  New  Zealand  and  other 
ifllnds  of  the  Pacific  Ocean  it  is  used  for  cutting  instruments,  in  conse- 
quence of  its  hardness  and  toughness.  Hence  it  has  been  ca&ed  axe 
■aloac. 

ziii.  Sdwrl  and  Timrmalin  consist  principally  of -silica,  alumina, 
and  oxide  of  iron.    They  occur  in  prismatic  crystals  of  a  black  colour. 

xrr.  Thallite,  epidote,  or  piitacite,  is  nearly  alUed  in  composition  to 
■clioii    It  oocurs  in  green  prismatic  c^tals. 

XT.  Axiniie,  or  thumentone,  is  found  crystallized  in  flat  oblique 
rhombs,  of  a  brown,  bluish,  or  grey  Imt,  and  transjparent  It  consists, 
aiccording  to  VauqueliB^  •f 

Silica    .  .  , 44 

Alumina  •  « 18 

Lime  . Id 

Oxide  of  iron 14 

Oxide  of  manganese 4 
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xVi.  Ciyanttfe  U  of  a  blue  and  grey  colour,  translucent,  and  occurs 
massive  and  prismatic.     It  consists,  according  to  Klaproth,  of 

Alumina •     55.5 

Silica 43,0 

Oxide  of  iron 0.5 

xvii.  LepidolUe  occurs  massive,  and  of  a  purplish  colour  and  lamel- 
lar texture.    According  to  Klaproth,  it  contains 

Silica 54.5 

Alumina 38.25 

Potassa 4. 

Oxide  of  iron  and  manganese  .      0.75 

xviii.  AcHnolite  is  of  a  green  colour,  and  generally  occurs  in  aggre- 
gated masses  of  prismatic  crystals.    It  contains 

Sibca 60. 

Lime 9.7 

Magnesia 19.2 

Alumina 0.7 

Oxides  of  chrome  and  iron  .  •      8. 

xix.  Tremolite  is  nearly  white,  fibrous  and  semi-transparent     it 
contains 

Silica 6S 

Lime 14 

Magnesia 13 

Oxide  of  iron 6 

XX.  Asbeiios  is  a  soft  fibrous  flexible  mineral,  of  a  white  or  greeniih 
tint,  composed  of 

Silica 60 

Magnesia 30 

Lime 6 

Alumina 4 

Amianthus,  mountain  cork,  and  mountain  woodj  are  varieties  of  asbca- 
tps. 
^  xxi.  Lapii  lazuli  consists  of 

Silica 46 

Carbonate  of  lime 28 

Alumina 14 

Sulphate  of  lime 6.5 

Oxide  of  iron  and  water  .  .  .  •  6 

The  blue  colour  is  probaMy  derived  from  some  principle  which  Ins 
hitherto  escaped  analysis.  It  is  prepared  for  painters  under  the  name 
of  uUra^marine. 

xxii.  Ik^rmotome,  Staurolite^  or  Cross-stone,  Occurs  in  small  qmadrangn- 
Ur  prisms  terminated  by  four  rhombic  planes,  crossing  each  other.  It 
is  also  found  in  sinj^e  crystals.    It  is  ibund  at  Afidrea&bex^,  in  the 
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Harte,  and  at  Strontian,  in  Scotland.    It  consiatB,  according  to  Kla- 
proth,  of 

Silica 49 

Alumina 16 

BaryU IB 

Water 15 

xxiii.  Augite  is  a  mineral  of  a  black  or  brownish  green  colour,  found 
in  volcanic  products,  and  in  some  basalts.  SMite  and  coccolitt  are  ?a- 
rities  of  augite.     It  is  composed  of 

Silica 62    ' 

Lime 13 

Oxide  of  iron  and  manganese  16 

Magnesia 10- 

Alumina «  .  .  .  .  9 

xsiT.  DatkoUu  is  a  comlmiation  of 

SiUca 38 

Lime 34 

Boracic  acid 22 

Water •  .  .  4 

It  has  only  been  found  in  Norway. 

1348.  Under  the  term  Clay  is  comprehended  a  raoiety  of  mizture$ 
of  silica  and  alumina,  more  or  less  pure,  and  characterized  by  a  pecu- 
liar plasticity  in  their  moist  state.  The  foUowing  are  the  principal 
▼aneties. 

1.  Porcelain  doy,  derived  principally  from  the  decomposition  of 
feldspar,  flEBd  cotttaining  silica  and  sdnmina,  sometimes  with  traces  of 
oxide  of  iron ;  it  10  v«ry  difficult  of  fusion.  2.  Marly  Oay,  which, 
with  m&tA  and  alumina,  contains  a  portion  of  carbonate  of  lime  ;  it  is 
much  used  in  making  pale  bricks,  and  as  a  manure,  and  when  highly 
heated  enters  into  fusion.  3.  Pipe  Oay,  which  is  rery  plastic  and  te* 
nadoiM,  and  requires  a  hi^er  temperature  than  the  preceding  for  fu- 
sion ;  when  burned  it  is  of  a  cream  colour,  and  used  for  tobacco-pipes 
and  white  pottery  4.  Paitter$^'Oay,  is  of  a  reddish  or  grey  colour, 
and  beeomes  red  when  heated  ;  it  f\ises  at  a  bright  red  heat :  mixed 
with  flsoid  it  is  manufiM^tured  into  red  bricks  and  tiles,  and  is  also  used 
for  coarse  pottery. 

1349.  The  better  kind  of  pottery ,  called  in  this  country  Stafordshirt 
ware  J  is  made  of  an  artificial  mixture  of  alumina  and  silica ;  the  former 
obtained  in  the  form  of  a  fine  clay,  from  Devonshire  chiefly  ;  and  the 
latter  conaisting  of  chert  or  flint,  which  is  heated  red-hot,  quenched  in 
water,  and  then  rednced  to  powder.  Each  material,  carefully  pow- 
dered and  sifted,  is  diflused  through  water,  mixed  by  measilre,  and 
biutaH  Co  ft  due  consistency  by  evaporation?  it  is  then  highly  plastic, 
and  mmed  upon  the  potter's  wheel  and  Mhe  into  various  circular  ves- 
scb,  or  moulded  mto  other  forms,  which,  afler  having  been  dried  in  a 
wanavfOoiB^  are  enclosed  in  baked  clay  cases  resembling  bandboxes, 
and  caJD^seggart  r  titese  are  raided  in  the  kiln  so  as  nearly  to  fin  it, 
leswias  only  space  enoiq^  finr  tiisk  fbel ;  here  the  warn  is  kept  red-hot 

XX 
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Ibr  ft  coDAderable  time,  and  thua  brought  to  the  state  of  bi$cutt<.  This 
lis  afterwards  gliued^  which  is  done  **  by  dipping  the  biscuit  ware  iDto 
a  tub  containing  a  mixture  of  about  60  parts  of  litharge,  10  of  cla^^,  and 
20  of  ground  flint,  diffused  in  water  to  a  creamy  consistence,  and  when 
taken  out  enough  adheres  to  the  piece  to  give  an  uniform  glazing  when 
again  heated.  The  pieces  are  then  again  packed  up  in  the  sugars, 
with  small  bits  of  pottery  interposed  between  each,  and  fixed  in  a  kiln 
as  before.  The  glazing  mixture  fuses  at  a  Tery  moderate  heat,  and 
gives  an  uniform  glossy  coating,  which  finishes  the  process  when  it  is 
intended  for  common  white  ware." — Aikin*s  Dictionary^  Art.  Pot- 
ter v. 
,  1350.  The  patterns  upon  ordinary  porcelain,  which  are  chiefly  id 

blue,  in  consequeiice  of  the  facility  of  iq>plying  cobalt,  are  geoeraUj 
printed  off  upon  paper,  which  is  applied  to  the  plate  or  other  article 
while  in  the  state  of  biscuit,  and  adheres  permanently  to  the  surface 
when  heat  is  properly  applied. 

1 351 .  The  manu&cture  o£ porcelain  is  a  most  refined  branch  of  art ; 
the  materials  are  selected  with  the  greatest  caution,  it  being  necessacy 
that  the  compound  should  remain  perfectly  white  after  exposure  to 
heat :  it  is  also  required  that  it  should  endure  a  rery  high  tempentare 
without  fusing,  and  at  the  same  time  acquire  a  semivitreoos  texture  and 
a  peculiar  degree  of  translucency  and  toughness.  These  qualities  are 
united  in  some  of  the  oriental  porcelain,  or  Ckinaj  and  in  some  of  the 
old  Dresden,  but  they  are  rarely  found  co-existent  in  that  of  modem 
European  manufacture.  Some  of  the  French  and  English  porceiaio, 
especially  that  made  at  Sevres  and  at  Worcester,  a  extremely  white 
and  duly  translucent,  but  it  is  more  apt  to  crack  by  sudden  changes  of 
temperature ;  more  brittle,  and  consequently  requires  to  be  formed  into 
thicker  and  heavier  vesseb  ;  and  more  fusible  than  the  finest  porce- 
lains of  Japan  and  China; 

1352.  The  colours  employed  in  painting  porcelain  are  the  same  me- 
tallic  oxides  enumerated  for  colouring  glass,  and  in  all  the  more  deli- 
cate patterns  they  are  laid  on  with  a  camel-hair  pencil,  and  generally 
previously  mixed, with  a  little  oil  of  turpentine.  Where  several  co- 
lours are  used,  they  often  require  various  temperatures  for  their  per- 
fection, in  which  case  those  that  bear  the  highest  heat  are  fiist  applied, 
and  subsequently  those  which  are  brought  out  at  lower  temperatnres'^ 
This  art  of  painting  on  porcelain  or  in  enamel  is  of  the  most  delicale 
description ;  much  experience  and  skill  are  required  in  it,  and  with 
every  care  there  are  frequent  failures  ;  hence  it  is  attended  with  con- 
siderable expense.  The  gilding  of  porcelain  is  generally  performed 
by  applying  finely-divided  gold  mixed  up  with  gum-water  and  borax ; 
upon  the  application  of  heat  the  gum  burns  off,  and  the  borax  vitri^- 
ing  upon  the  surfiice  causes  the  gold  firmly  to  adhere ;  it  is  ^terwards 
burnished. 

1353.  In  the  manufacture  of  various  kinds  of  pottery  employed  in 
the  chemical  laboratory,  and  especially  in  regard  to  crucibles^  many  dif- 
ficulties occur  ;  and  many  requisites  are  necessary  which  caoni^  be 
united  in  the  same  vessel :  to  the  late  Mr.  Wedgwood  we  are  in- 
debted for  vast  improvements  in  this  as  weU  as  in  other  branches  of  the 
ait 

Crucibles  composed  of  one  part  of  pure  clay  mixed  with  about  three 
parts  of  coane~and  pure  sand,  slowly  dried  and  annealed^  resist  a  v^ery 
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liigiitemperatariK  without  fusion,  andgenerftUv  retaimnetallk  substanr 
ces ;  but  where  the  metals  are  suffered  to  oxidize,  there  are  few  which 
do  not  act  upon  any  earthen  vessel,  and  some  cause  its  rapid  fusion,  as 
the  oxides  of  lead,  bismuth,  (^r.  Where  saline  fluxes  are  used,  the 
best  crucibles  will  always  suffer,  but  platinum  may  often  be  employed 
in  these  cases,  and  the  chemist  is  thus  enabled  to  combat  many  difficul- 
ties which  were  nearly  insurmountable  before  this  metal  was  thus  ap- 
plied. 

Whenever  siliceous  and  aluminous  earths  are  blended,  as  in  the 
mixture  of  clay  and  sand,  the  compound  softens,  and  the  vessel  loses 
its  shape  when  exposed  to  a  long-continued  white  heat,  and  this  is  the 
case  with  the  Hessian  crucibles  :  consequently,  the  most  refractory  of 
all  vessels  are  those  made  entirely  of  clay,  coarsely-powdered  burned 
clay  being  used  as  a  substitute  for  the  sand.  Such  a  compound  resists 
the  action  of  saline  fluxes  longer  than  any  other,  and  is  therefore  used 
for  the  pots  in  glass  furnaces.  A  Hessian  crucible  lined  with  purer  - 
clay  is  rendered  much  more  retentive  ;  and  a  thin  china  cup  or  other 
dense  porcelain  resists  the  action  of  saline  matters  in  fusion  for  a  con- 
siderable time. 

Plumbago  is  a  very  good  material  for  crucibles,  and  applicable  to 
many  purposes  :  when  mixed  with  clay  it  forms  an  infusible  compound 
and  is  protected  from  the  action  of  the  air  at  high  temperatures  ;  it  is 
%ivell  calculated  for  small  table  furnaces.  Wrought-iron  crucibles  are 
used  for  the  fusion  of  several  metallic  substances  which  melt  at  a  bright 
red  heat. 

1 354.  Under  the  term  Luies  a  variety  of  compounds  are  used  by 
the  practical  chemist  for  the  purpose  of  securing  the  junctures  of 
vessels  or  protecting  them  from  the  action  of  heat.  Slips  of  wetted 
bladder,  linseed  meal  made  into  a  paste  with  gum-water,  white  of 
e^  and  quicklime,  glaziers'  putty  which  consists  of  chalk  and  linseed 
oil ;  and/at  lute  composed  of  pipe  clay  and  drying  oil  well  beaten  to  a 
stiff  mass,  are  very  useful  lutes  for  retaining  fumes  and  vapours  and 
joining  vessels  to  each  other,  but  earthy  compounds  are  required  to 
withstand  the  action  of  a  high  temperature. 

Windsor  loam,  or  an  artificial  mixture  of  day  and  sand  well  beaten 
into  a  stiff  paste,  and  then  thinned  with  water  and  applied  by  a  brush 
in  successive  layers,  to  retorts,  tubes,  gun-barrels,  4'c.,  enables  them 
to  bear  a  very  high  temperature  ;  if  a  thick  coating  is  required,  great 
care  should  be  taken  that  the  cracks  are  filled  up  as  it  dries,  and  ollen 
a  little  tow  mixed  up  with  the  lute  renders  it  more  permanent  and  ap« 
plicable.  If  the  lute  is  intended  to  viUify,  as,  for  instance,  to  prevent 
the  porosity  of  earthenware  at  high  ten^eratures,  a  portion  of  borax 
or  of  red  lead  may  be  mixed  up  with  it 

1S65.  iifof^ar,  or  tiie  cement  used  in  building,  is  a  compound  of  se- 
veral earthy  substances,  one  of  which  is  always  lime :  for  much  valu- 
Hble  information  relating  to  this  important  Bubject  we  are  indebted  to  the 
late  Mr.  Smeaton  {History  of  the  Eddystane  Lighthouse)  ^  and  an  excel- 
lent summary  of  the  principal  facts  connected  with  it  will  be  found  in 
AiKiir's  DicHonary,  (Art.  CEMEifTS.)  The  ordinary  mode  of  making 
mortar  consists  in  mining  a  quantity  of  common  sand  with  slacked  lime, 
without  any  careful  attention  to  the  quantity  or  purity  of  the  m'aterials  ; 
but  it  has  been  shown.by  Mr.  Smeaton,  that  the  pretence  of  unburnt 
clay  pTevents  the  induration  of  the  mortar,  and  the  sand  used  in  Lon- 
don always  contains  it ;  the  lime  too  is  often  imperfectly  burned  and 
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MMoto  My  ededed ;  that  which  cootains  d  pwrlimi  of  viuiBni  aM 
•side  of  iron  being  preferable  to  the  purer  vahetiea ;  hence  &e  adt 
vantage  of  Dorking  lime,  or  meager  itW,  as  it  is  aaaidly  catted.  Tbe 
•and  should  be  sharp  and  large  grained,  and  perfectly  free  from  stit, 
iriiich  always  prevents  the  mixture  from  becoming  hard.  The  dMitiaa 
of  calcined  ferruginous  clay,  or  calcined  basalt,  or  black  oxide  of  iron, 
pves  mortar  the  property  of  becoming  hard  under  water. 

The  mutual  action  which  the  substances  constituting  Uie  different 
kinds  of  mortar  undergo,  has  hitherto  been  but  imperfi^y  examiBed 
by  the  chemist ;  to  M.  Vicat  we  are  indebted  for  a  curious  and  illlpo^ 
tant  series  of  investigations  upon  this  subject,  and  his  work  may  be  coo« 
suited  with  much  advantage,  by  those  who  are  concerned  in  investig^' 
tions  of  this  nature. — Re^rdies^  ExpirimmUalee  nir  U$  C3ui>nx  de  Cm- 
f^nidiofi,  lu  BiUmSy  et  le$  MorHen  ordin(Hre$.    Paris,  1818. 


Section  XXXIX.    Zirconium* 

1 366.  The  earth  zircon^  or  the  oxide  of  2treon««Ni,  is  a  white  iiisi|nd 
Sttbatance  ;  specific  gravity  4.3 ;  it  is  found  in  the  zircon  or  jatfon  of 
Ceylon.  It  is  characterized  by  insolubility  in  pure  alcalis,  but  is  sola- 
Ue  in  alcaline  carbonates.  Its  combinations  with  the  acids  are  of 
difficult  solubility  or  insoluble,  and  have  been  very  little  inquired  into. 

i.  The  zircon^  or  jargon,  is  a  mineral,  usually  of  a  grey  yeJJowish, 
or  reddish-brown  colour,  crystallized  in  octoedroos  and  four-sided 
lirisms,  and  generally  semi-transparent. 

ii.  Zireonia  is  contained  in  the  hyacinth^  which  is  also  found  in  Cey- 
lon, and  in  various  parts  of  Europe.  Its  usual  colour  is  red  or  reddUb, 
and  its  crystals  small  flattened  octoedra,  or  four-sided  prisms.  These 
minerals  contain  about  70  per  cent,  of  zireonia  each,  the  remainder  be- 
ing silica,  with  a  trace  of  oxide  of  iron. — ^Klaproth's  Beifrage,  Vol  i., 
pp.  222  and  231. 

1367.  Zireonia  is  obtained  by  the  following  process  : 

Reduce  the  stone  to  a  fine  powder,  having  previously  heated  it  to  red- 
ness, and  quenched  it  in  water.  Mix  the  powder  with  nine  times  its 
weight  of  pure  potasso,  and  gradually  project  it  into  a  red-hot  svHer 
crucible,  and  keep  it  in  perfect  fusion  for  two  hours.  When  the  cru- 
cible has  cooled,  reduce  the  mass  to  a  fine  powder,  and  boil  it  in  distil- 
led water.  Boil  the  undissolved  residue  in  muriatic  acid ;  filter,  and 
evaporate  to  dryness ;  re-dissolve  the  dry  mass  in  distilled  waler.  and 
precipitate  by  carbonate  of  soda.  The  carbonate  of  zireonia  which  felh 
may  be  decomposed  by  beat. 

The  following  method  of  obtaining  pure  zireonia  is  recommended 
by  M.  M.  Dubois  and  Silveira.-^Jnnai««  de  CWm,  et  P*y».,  xiv.  110: 

Powder  the  zircons  very  fine,  mix  them  with  two  parts  of  pure  po- 
tassa,  and  heat  them  red-hot  in  a  silver  crucible  for  an  hour.  Treit 
the  substance  obtained  with  distilled  water,  pour  it  oo  a  filter,  and 
wash  the  insoluble  part  well ;  it  will  be  a  compound  of  zireonia,  sili- 
ca, potassa,  and  oxide  of  iron.  Dissolve  it  in  muriatic  acid,  and  en- 
porate  t6  dryness,  to  separate  the  siTica.  Re-disaolve  the  muriates  d 
zireonia  and  iron  in  water ;  and  to  separate  the  zireonia  which  adheres 
to  the  silica,  wash  it  with  weak  muriatic  acid,  and  aM  it  to  th«  solution. 
Filter  the  fluid  and  precipitate  the  zireonia  and  iron  by  p«re  ammonia  ; 
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W9&h  die  precipitates  weH,  and  then  treat  the  hydiates  with  oxalic 
acid,  boHing  them  well  together^  that  the  acid  may  act  CMi  the  inm, 
retaimng  it  in  solatien  wh&t  an  insolmble  oxalate  of  zirconia  is  forag- 
ed, it  is  then  to  be  filtered,  and  the  oxalate  washed,  until  no  iron  can 
be  detected  in  the  water  that  passes.  The  earthy  oxalate  is,  when  dry, 
of  an  opaline  coloar  ;  after  being  well  washed,  it  is  to  be  decomposed 
by  heat  in  a  platinnm  crucible.  Thus  obtained,  the  zirconia  is  perfect^ 
ly  pure,  but  is  not  affected  by  acids.  It  must  be  re-acted  on  by  po- 
tassa  as  befbre,  and  then  washed  until  the  alcali  is  removed.  After- 
wards dissolve  it  in  muriatic  acid,  and  precipitate  by  ammonia.  The 
hydrate  thrown  down,  when  well  washed,  is  perfectly  pure,  and  easily 
soluble  in  acids. 

1368.  The  composition  «f  zirconia  has  been  estimated  by  Sir  H. 
Dayy  {EUmewts  of  Chemical  Phdl.  p.  361.)  at 

37.  zirconium 
8    oxygen. 

46 

SccTiov  XL.    Glticinum. 

1369.  The  earth  glucina  was  discovered  by  Vauquelin  in  the  beryl; 
jf  also  exists  in  the  emerald  of  Peru.  It  is  white  and  insipid ;  its  spe- 
cific gravity  =  2.97.  It  dissolves  in  caustic  potassa  and  soda,  and  thus 
resembles  alumina,  but  differs  from  yttria.  Again  it  differs  from  alu- 
mina, but  resembles  yttria,  in  being  soluble  in  carbonate  of  ammonia ; 
it  is  much  more  soluble  in  this  solution  than  yttria.  With  the  acids 
it  forms  saline  compounds  of  a  sweetish  astringent  taste. 

i.  The  beryl  is  found  in  primitive  rocks  in  many  parts  of  the  world, 
but  especially  fine  in  Siberia.  It  is  usually  transparent,  and  pale 
green  or  blue.     It  crystallizes  in  six-sided  prisms. 

ii.  The  emerald  is  principally  found  in  reru,  crystallized  in  reguW 
six-sided  prisms,  the  edges  or  angles  of  which  are  sometimes  replaced 
by  facets.  Its  colour  is  green,  and  it  is  either  transparent  or  translu- 
cent. The  following  are  their  components  parts. — Vau(^veun»  Joumajt 
det  Mines ^  No.  xxxvi,  and  No.  xliii : 

Beryl.  Smenld. 

Silica 68       


Alumina 15 

Glucina 14 

Oxide  of  Chrome  .  .  — 

Oxide  of  iron 1 

Lime 2 

Water ~ 


100  100 

jii.  Glucina  is  also  found  in  the  euclate,  a  very  scarce  Peruvian  mi- 
neral, composed,  according  to  Berzelius,  of 

Silica 44.33 

Alumina  .........  31.83 

Glucina 23.84 

100.00 
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1360.  To  obtain  glocina  from  either  of  these  minerals,  procee<i  ar 
follows  : — Reduce  it  to  a  fine  powder,  and  fuse  it  with  thrice  its  weight 
of  potassa ;  dissolve  in  a  dilute  muriatic  acid  ;  evaporate  to  dryness ; 
re-dissolve  in  water,  and  precipitate  by  carbonate  of  potassa.  Dissolve 
this  precipitate  in  sulphuric  acid  and  add  a  little  sulphate  of  potassa. 
and  on  evaporation  crystals  of  alum  will  be  obtained.  These  being 
separated,  add  excess  of  carbonate  of  ammonia  to  the  residuary  liqoor, 
which  will  retain  glucina  in  solution,  but  the  alumina  will  be  precipitat- 
ed ;  filter,  and  evaporate  to  dryness,  and  apply  a  red  heat ;  glucina  re- 
mains. 

1361.  From  the  experiments  of  Davy,  this  earth  may  be  regarded 
a9  consisting  of 

21.3  glncinum 
8.     oxygen 

29.3  j^ncina. 

Section  XLL     Yttrium. 

1362.  In  1794  Professor  Gadolin  discovered  a  new  earth  imiiuQe- 
ral  from  the  quarry  of  Ytterby  in  Sweden,  to  which  Ekebeig,  ia  1797, 
gave  the  name  of  Yttria.  The  mineral  has  since  been  termed  GadoH- 
nite.  Oxide  of  yttrium,  or  yttria,  may  be  obtained  by  the  fbllowiqg 
process  :  Pulverise  the  mineral  and  boil  in  repeated  portions  of  nitro- 
muriatic  acid  ;  evaporate  nearly  to  dryness,  dilute  with  water,  and  fil- 
ter ;  evaporate  to  dryness,  ignite  the  residue  for  some  hours  in  a  close 
vessel,  re-dissolve  and  filter.  To  this  solution  add  ammonia,  which 
throws  down  yttria  and  oxide  of  cerium ;  heat  the  precipitate  red-hot, 
dissolve  it  in  nitric  acid,  and  evaporate  to  dryness  ;  d^ute  with  160 
parts  of  water,  and  put  crystals  of  sulphate  of  potassa  into  the  liquid. 
The  crystals  gradually  dissolve,  and,  after  some  hours,  a  white  pre- 
cipitate appears  of  oxide  of  cerium,  the  whole  of  which  must  be  se- 
parated l:^  a  repetition  of  this  process.  The  liquor  b  then  to  be  Al- 
tered, and  the  addition  of  pure  ammonia  forms  a  precipitate  of  yttria. 
which  is  to  be  washed  and  heated  red-hoL — Berzelius  in  Tbohsom's 
OumUtry.     Vol.  i.  p.  357. 

1363.  Yttria  is  insipid,  white,  and  without  action  on  vegetable  co- 
lours. It  is  insoluble  in  water,  but  very  retentive  of  it.  Insolable  io 
pure  alcalis,  but  readily  soluble  in  carbonated  alcalis.  It  forms  salts 
which  have  a  sweetish  austere  taste,  and  which  have  been  little  eia- 
mined.  From  indirect  experiments  it  probably  contains  25  ptr  fcnt. 
oxygen  ;  hence  it  may  be  regarded  as  consisting  of 

32  yttrium 
8  oxygen 

40  yttria. 


Section  XLIl.     Thorinum, 

1364.  Ik  examining  some  varieties  of  gadoHnite  and  certain  ores  of 
cerium,  Berzelius  obtained  a  new  metallic  oxide,  the  base  of  which  he 
has  called  tharinum.     The  accounts  hitherto  published  of  the  mode  of 
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procuring  this  aubstaace,  are  by  no  means  sufficiently  clear  or  circum- 
stantial to  enable  the  student  to  repeat  them,  but  the  process  of  analy- 
sis of  the  minerals  containing  it  will  be  found  in  the  section  on  the  com- 
pounds of  thorinum  in  the  ensuing  chapter. 

1365.  Thorina  differs  from  alumina  in  being  insoluble  in  solution  of 
potassa  ;  from  yttna,  by  its  astringent  taste  without  sweetness,  and  by 
its  neutral  solutions  affording  a  precipitate  when  boiled.  From  zirco- 
iiia  it  differs  in  the  following  properties :  1.  After  being  heated  to  red- 
ness it  is  still  soluble  in  acids.  2.  Sulphate  of  potassa  occasions  no 
precipitate  in  its  solutions.  3.  It  is  precipitated  by  oxalate  of  ammonia . 
4.  Sulphate  of  thorina  crystallizes,  while  sulphate  of  zirconia  does  not. 
— Thomson,  Vol.  i.  p.  567. 


CHAPTER  VI. 

QF    THE   ASSAY    AND 'ANALYSIS    OF    METALLIFEROUS   COMPOUNDS. 

1366.  The  chemical  history  of  the  metals,  given  in  the  preceding 
chapter  of  this  volume,  includes  some  account  of  the  method  of  ana- 
lyadng  certadn  of  tbeir  compounds,  but  upon  this  subject  many  details 
have  necessarily  been  omitted  in  Ibe  different  sections  treating  of  the 
metals  individually,  in  consequence  of  the  numerous  digressions  that 
such  discussion  would  have  introduced ;  in  the  present  chapter,  there- 
ibre,  it  is  proposed  to  describe  such  analytical  processes  as  have  not 
previously  been  adverted  to^  and  are  of  frequent  occurrence  in  the 
chemical  laboratory  ;  and  likewise  to  point  out  the  means  of  detecting 
impurities  and  adulterations  in  the  various  chemical  products  used  in 
medicine  and  in  the  arts. 

1367.  It  is  scarcely  necessary  to  observe  that  in  aU  analytical  ope- 
rations distilled  water  is  to  be  employed,  and  that  the  purity  of  the  DUtiitedv*- 
testa  and  re-agents  must  be  previously  ascertained  :  it  is  also  conve-^*'' 
nient  that  they  should  be  of  some  known  degree  of  strength  or  con- 
centration. 

1368.  Among  the  most  important  apparatus  of  the  chemical  analyst, 

is  a  good  balance  ;  he  wiU  generally  find  it  convenient  to  employ  two ;  BaiMpe. 
one,  extremely  delicate  and  capable  of  weighing  from  one-hundredth 
of  a  grain  up  to  fifty  grains  ;  the  other,  less  sensible,  but  turning  with 
ofie-tenth  of  a  grain,  when  loaded  with  about  an  ounce  in  each  scale. 
Larger  balances  are  often  requisite  for  weighing  from  one  ounce  to 
five  or  six  pounds. 

1369.  For  the  disintegration  of  very  hard  substances,  mortars  of  hard  Mortari. 
steel,  agate,  or  phorphyry,  are  generally  used,  and  the  substance  should 

be  accurately  we^ed  before  and  after  pulverization,  in  order  to  ascer- 
tain whether  it  has  suffered  any  increase  from  the  abrasion  of  the  mor- 
tar. The  aggregation  of  many  very  bard  stony  substances  may  be  di- 
minished by  heating  them  red-hot  and  quenching  in  water  ;  but  care 
sboald  be  taken  to  ascertain  the  nature  and  quantity  of  any  loss  which 
they  may  sustain  in  this  operation. 

1370.  The  proportion  of  any  substance  for  an  analysis  varies,  in 
ordinary  cases,  from  twenty  to  one  hundred  grains  ;  fifty  grains  is,  ge-  douuty. 
nerally  speaking,  a  convenient  quantity,  and  where  there  is  no  scarcity 

of  the  material,  it  is  often  advantageous  to  operate  upon  two  or  three 
portions  at  once,  using  each  portion  for  ascertainitig  a  distinct  compo- 
nent part. 
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1371.  The  crucibles  employed  in  these  analytical  operations  are 
either  metallic,  earthenware,  or  porcelain.  Of  the  former,  platinam, 
MlFer,  and  iron  are  chiefly  usefal ;  platinum  resists  the  action  of  the 
greater  number  of  acids,  but  it  is  acted  upon  by  alcaline  substances ; 
pure  silver  is  chiefly  useful  for  alcaline  fusions,  but  as  it  melts  at  a  red 
heat,  some  care  is  requisite  in  its  en^loyment ;  for  metallic  substances^ 
Hessian  and  Wedgwood  crucibles  are  required;  the  former,  when 
well  made,  resist  a  very  high  heat  without  fusion,  and  bear  tnddes 
changes  of  temperature ;  the  latter  are  apt  to  crack,  and  should  there- 
fore be  carefully  heated,  or  placed  in  a  Hessian  crucible.  It  is  oftea 
necessary  to  line  a  crucible  with  charcoal,  which  is  most  conveniently 
effected  by  mixing  finely-powdered  charcoal  with  a  very  little  linseed- 
meal,  and  beating  it  into  a  stiff"  paste  with  a  small  addition  of  water; 
the  crucible  is  then  dipped  into  water,  and  its  interior  lined  to  the  re- 
quisite thickness ;  on  applying  heat,  the  linseed-meal  bums,  bat  the 
coating  is  not  injured. 

137S.  In  the  examination  of  mineral  sub- 
stances, the  blow-pipe  is  a  most  useful  and 
necessary  auxiliary  to  our  other  operations ; 
it  affords  a  simple  and  convenient  means  of 
heating  to  a  very  high  degree,  and  almost  in- 
stantaneously, any  substance  sufficiently  small 
to  be  enveloped  in  its  flame ;  and  the  expe- 
rienced eye  is  thus  frequently  enabled  to 
anticipate,  with  much  precision,  the  nature 
of  the  substance  submitted  to  experiment. 

There  are  numerous  forms  of  the  blow* 
pipe,  among  which,  that  represented  in  the 
annexed  cut  is  perhaps  the  most  conveni- 
ent. It  consists  of  a  brass  tube  a,  with  an 
ivory  mouth-piece  b ;  the  other  end  of  the 
tube  terminates  in  a  circular  box,  from 
which  issues  the  small  tube  d,  moveable  in 
any  direction  round  the  centre  e,  by  which 
any  degree  of  obliquity  may  conveniently 
be  given  to  the  flame ;  e  is  a  brass  jet  which 
fits  upon  the  tube  d. 

1373.  The  following  observations  reelect- 
ing the  use  of  the  blow-pipe,  and  its  action 
upon  several  substances,  are  extracted  from 
Mr.  Children's  E$$ay  om  Oumic^  Jlno/ym; 
a  work  from  which  the  student  may  derive 
much  valuable  information. 

A  continued  stream  of  air  is  absolutely 
essential,  to  produce  which,  without  faftigttt 
to  the  lungs,  an  equable  and  uninterrupted 
inspiration  must  be  maintained  by  inhaling  air 
through  the  nostrils,  whikt  that  in  the  month 
is  forced  through  the  tube  by  the  compre^ 
sion  of  the  cheeks.  A  little  practice  wtill 
ma^e  this  operation  easy,  bwt  at  first  censi* 
derable  lassitude  is  generally  experienced 
in  the  httociiiator  muiclea.    After  habit  hm 
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rendered  the  op^radon  (aioinar,  a  current  may  be  kept  np  for  ten 
or  fifteen  minutes,  without  iuconvenience.  .  A  lai^  wax  candle  sup* 
pliea  the  best  flame,  wliich  being  utged  by  tbe  blast,  exhibits  two  dis- 
tinct figures ;  the  tDtemal  flame  is  conical,  blue,  and  well  defined,  at 
the  apex  of  which  the  most  violent  degree  of  heat  is  excited  ;  the  ex* 
temal  is  red,  ri^e,  i|nd  undetermiued,  and  of  very  inferior  tempera* 
tu  re  to  the  former. 

The  substance  to  be  submitted  to  the  action  of  the  blow-pipe,  which 
should  not  be  lai^r  than  a  small  pepper-corn,  must  be  supported  ei- 
ther on  charcoal,  or  a  slip  of  platina  or  silver  foil,  or  be  held  in  a  pair 
of  platina  pincers.  In  the  first  case  it  may  be  placed  in  a  cavity  in  the 
charcoal,  and  another  piece  laid  over  it  to  prevent  its  being  carried  off 
by  die  blast.  The  metallic  supports  are  used  when  the  subject  of  the 
experiment  is  intended  to  be  exposed  to  the  action  of  heat  only,  and 
might  be  altered  by  contact  with  the  charcoal.  If  a  very  intense  heat 
l>e  required  the  foil  may  be  laid  on  charcoal.  Salts  and  volatile  sub- 
stances, are  to  be  heated  in  glass  tubes,  closed  at  one  end,  andetdai^« 
ed  according  to  circumstances,  so  as  to  form  small  matrasses. 

The  exterior  flame  should  first  be  directed  on  the  substance,  and 
when  its  acUon  is  known,  then  the  interior  blue  flame.  KoUce  should 
be  taken,  whether  the  matter  decrepitates,  splits,  swells  up,  liquefies, 
boils,  vegetates,  changes  colour,  smokes,  is  inflamed,  becomes  obedient 
to  the  magnet,  ^c*  ;  when  the  action  of  heat  alone  has  been  ascer- 
tained, it  will  be  necessary  to  examine  what  further  change  takes 
place,  by  fusing  it  with  various  fluxes,  and  also  whether  it  he  capable 
of  reduction  to  the  metallic  state. 

The  three  most  useful  fluxes,  are  the  triple  phosphate  of  soda  and  Flam. 
ammonia,  sttbcarlK>nate  of  soda  and  borax.  These  are  to  be  kept  rea- 
dy pulverised,  and  when  used,  a  suflicient  quantity  may  be  taken  up 
by  the  moistened  point  of  a  knife ;  the  moisture  causes  the  particles 
to  cohere  and  prevents  their  being  blown  away,  when  placed  on  the 
charcoal.  The  flux  must  be  melted  into  a  clear  bead,  and  the  substance 
then  placed  on  it,  and  submitted,  first  to  the  action  of  the  exterior,  and 
then  to  that  of  the  interior,  flame.  The  appearances  which  ensue 
must  be  observed  ;  as, 

•M.  Hanjr  has  proposed  the  following  ing;«iioiis  method  of  rendering  very  weak  iiMgnetic  at- 
IractiOBS  percepaole : 

If  we  conceive  the  needle  to  be  removed  a  little  fioiA  the  plane  of  its  magnetic  ineridiaii, 
it!>  directing  force  %rill  immediately  tend  to  restore  it,  and  with  a  power  proportionate  to  die  sico 
of  the  angle  which  the  needle  makes  with  the  masnetic  meridian.  Before  any  substance  can  act 
on  tike  needle,  it  wiUbare  toovereome  the  dvactmg  foftre,  as  well  as  the  friction  at  dx;  jxiint  of 
sutfp«naoa;  obstacle  which  may  prevent  the  effect  of  very  slight  attractions  from  bemg  per- 
coi«  I'd.  To  diminish  the  force  opposed  to  the  action  of  the  needle,  M.  Hauy  places  a  magnet- 
ic bnr  at  a  cnrtain  distance  from  it,  on  the  same  level  and  in  the  dinectkn  of  itsoxis,  but  with  its 
poles  sitnaledcontraiy  to  diose  of  the  needle.  If  we  suppose  die  magnetic  bar  to  be  placed  to  the 
soulhof  the  needle,  ttie  soadi  polteof  die  magnet  and  the  needle  will  beoppoied  toeachodm-, 
ajwl  if  the  magnet  be  made  to  approach  the  needle,  the  latter  will  move  on  itscentre  towards 
cine  adiF  or  the  odier,  till  an  eqiuHbrinm  is  produced  between  die  mutual  action  of  the  magnet 
itnd  nevdic^  and  dial  of  the  needle  and  die  earth.  Coukmb  has  shown  that  in  propor^  as 
the-  iM^dle  deriatrs  ftora  its  natural  position,  die  increments  of  power  necessanr  to  produce 
«>(|unl  Hfe6ts,  are  hi  a  decreasing  i»t5o;  so  that  when  it  has  moveddiroujfhnearly  a  .q"**;*'?^ 
ncirde-kveiysnaUattracdveJiowerwUlbcsufficientto  influence  it  ^htti  It  is  m  Aisjw* 
stion,  dmt  is,  nearhr  al  right  angles  widi  die  magneUc  meridian,  die  needle  »«»»••"»•« 
senisMe^fe;  and  fa  affected  if  any  substance  containing  die  most  mmutcportkm  of  u«i  lie  prSi' 

Hnvy  hasby  dus  mediod  detected  iron  in  seveml  minerals  where  its  p^f^^J^  f?  ""^ 
^>rctad;  or  where  it  was  supposed  to  exist  in  a  stnU  not  liable  to  be  ^OBcigd  by  tb*  mpieL 
-^^nnals  qf  PhUoscphyj  Vol.  zii.  p.  117. 
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Ist.  If  the  sabstance  be  dissolved,  and  whether  with  or  without 
effervescence :  , 

2nd.  The  traosparency,  and  colour  of  the  glass  whikt  cooling ; 

3rd.  The  same  circumstances,  when  cold ; 

4th.  The  nature  of  the  g)iass  formed  by  the  exterior  flame ; 

6th.  Also,  by  the  interior  flame. 

6th.  The  particular  appearances  with  each  of  the  fluxes. 

Subcarbonate  of  soda  does  not  form  a  bead  on  charcoal,  but  with  a 
certain  degree  of  heat  is  absorbed  ;  it  must  therefore  be  added  m  veiy 
small  quantities,  and  a  gentle  heat  used  at  first,  which  will  promote 
combination  without  the  absorption  of  the  alkali.  Some  mineralB  con- 
bine  readily  with  very  small  portions  of  soda,  but  difficultly  if  more  be 
added,  and  are  absolutely  infusible  with  it  in  great  excess ;  and  when 
the  substance  has  no  affinity  for  this  flux,  it  is  absorbed  by  the  charcoal, 
and  no  combination  ensues. 

When  the  mineral  contains  sulphur  or  sulphuric  acid,  the  ^ais  ac- 
quires a  deep  yellow  colour,  which  by  the  light  of  a  lamp  appeanred, 
as  if  produced  by  copper. 

If  the  glass  bead  become  opaque  as  it  cools,  so  as  to  render  the  co- 
lour indistinct,  it  should  be  broken  and  a  part  of  it  mixed  with  more  of 
the  flux,  till  the  colour  becomes  purer,  and  distinct.  To  make  the  co- 
lour more  perceptible^  the  bead  may  be  flattened  whilst  soft,  ordrms 
out  to  a  thread. 

If  it  be  wished  to  oxidaU  a  metallic  substance,  combined  with  either 
of  the  fluxes,  the  glass  is  first  heated  intensely,  and  when  fused,  gra- 
dually withdrawn  from  the  point  of  the  blue  flame,  and  the  opemtioo 
Repeated,  as  often  as  necessary,  using  a  jet  of  large  aperture.  The 
addition  of  a  little  nitre  also  assists  the  oxidation.  For  the  reditcium 
of  metallic  oxides,  the  glass  bead  is  to  be  kept  in  fusion  on  charcoal, 
as  long  as  it  remains  on  the  surface  and  is  not  absorbed,  that  the  metal- 
lic particles  may  collect  into  a  globule.  It  is  then  to  be  fused  with  an 
additional  quantity  of  soda,  which  will  be  absorbed  by  the  charcoal, 
and  the  spot  where  the  absorption  has  taken  place,  strongly  igaited  by 
a  tube  with  a  small  aperture.  By  continuing  the  ignition,  the  portion 
of  metal  which  was  not  previously  reduced,  will  now  be  brought  to  the 
metallic  state,  and  the  process  may  be  assisted,  by  placing  the  bead  ia 
a  smoky  flame,  so  as  to  cover  it  wiUi  a  soot  that  is  not  easily  blown  oiL 

The  beads  which  contain  nietala  frequently  have  a  metallic  spkadoar, 
which  is  most  easily  produced  by  a  gentle,  fluttering,  smoky  ftaroe, 
when  the  more  intense  heat  has  ceased.  With  a  moderate  heat  the 
metallic  sur&ce  remains  ;  and  by  a  little  practice  it  may  generally  be 
known  whether  the  substance  under  examination  contains  a  metal  or 
not.  But  the  glass  of  borax  alone  sometimes  assumes  externally  a  me* 
tallic  appearance. 

When  the  charcoal  is  cold,  that  part  impregnated  with  the  fiiscdinasi 
should  be  taken  out  with  a  knife,  and  ground  with  distilled  water  in  as 
agate  mortar.  The  soda  will  be  dissolved  ;  the  charcoal  will  float,  »<! 
may  be  poured  off;  and  the  metallic  particles  will  remaio  in  the  water. 
and  may  be  examined. 

In  this  manner  most  of  the  metals  maybe  reduced. 

Action  of  tke  BUmpipt  on  the  Earths  and  Metallic  Oxides. 

Baryta  (627),  when  containidg  water,  melts  and  spreads  on  the  char- 
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coal.  Combined  with  salphuric  acid,  it  is  converted,  in  the  tnienor 
flame,  into  a  snlphuret,  and  is  absorbed  bj  the  charcoal,  with  efferres- 
rence,  which  continaes  ^  long  as  it  is  exposed  to  the  action  of  the  in- 
stmment. 

Str<mtia  (652),  if  combined  with  carbonic  acid,  when  held  in  small 
thin  plates  with  platinum  forceps  in  the  interior  flame,  has  its  carbonic 
acid  driven  off,  and  on  the  side  of  the  plate  furthest  from  the  lamp,  a 
red  flame  is  seen,  sometimes  edged  with  green,  and  scarcely  percepti- 
ble but  bv  the  flame  of  a  lamp. '  Sulphate  of  strontia  is  reduced  in  the 
interior  name  to  a  sulphuret ;  dissolve  this  in  a  drop  of  hydrochloric 
acid,  add  a  drop  of  alcohol,  and  dip  a  thin  slip  of  deal  in  the  solution  ; 
it  will  burn  with  a  fine  red  flame. 

Litne  (618). — The  carbonate  is  easily  rendered  caustic  by  heat ;  it 
then  evolves  heat  on  being  moistened,  turns  paper  stained  with  turme- 
ric brown,  and  is  infusible  before  the  blow-  pipe.  The  sulphate  is  easily 
reduced  to  a  sulphuret,  and  possesses,  besides  the  property  of  combin- 
ing with  fluor  spar  at  a  moderate  heat,  forming  a  clear  glass.  The  fluor 
should  be  rather  in  excess. 

Magne9ia  (671)  produces,  like  strontia,  an  intense  brightness  in  the 
flame  of  the  blow-pipe.  A  drop  of  a  solution  of  cobalt  l^ing  added  to 
it,  and  then  dried  and  strongly  ignited,  a  faint  flesh  red  colour,  scarcely 
visible  by  the  light  of  a  lamp,  is  produced. 

Magnesia  may  in  this  manner  be  detected  in  compound  bodies,  if  they 
do  not  contain  much  metallic  matter,  or  a  quantity  of  alumina,  exceed- 
ing that  of  the  magnesia.  Some  inference,  as  to  the  proportion  of  the 
magnesia,  may  be  drawn  from  the  intensity  of  the  colour  produced. 

All  these  alkaline  earths,  when  pure,  are  readily  fusible  with  the 
fluxes,  into  a  clear,  colourless  glass,  without  effervescence  ;  but  on  add- 
ing a  further  quantity  of  the  earth,  the  glass  becomes  opaqne. 

Alumina  (1339)  combines  more  slowly  with  the  fluxes  than  the  pre- 
ceding earths,  and  forms  a  clear  glass,  which  does  not  become  opaque. 
Bat  the  most  striking  character  of  alumina  is  the  bright  blue  colour  it  ' 
acquires  from  the  addition  of  a  drop  of  nitrate  of  cobalt,  after  having 
been  dried  and  ignited  for  some  time.  It  may  thus  be  detected  in  com- 
pound minerals  where  the  metallic  substances  are  not  in  great  propor- 
tion, nor  the  quantity  of  magnesia  large. 

The  following,  according  to  Berzelius,  is  a  ready  method  of  disco- 
vering liihia  (609)  in  any  mineral  supposed  to  contain  it ;  it  is  founded 
on  the  facility  with  which  that  alkali  attacks  platinum. 

Take  a  morsel  of  tlie  mineral,  about  the  size  of  a  pin*s  head,  or  a 
^malt  quantity  of  it  reduced  to  floe  powder,  and  heat  it  with  an  excess 
^fsoda,  on  a  slip  of  platinum  foil  before  the  blow^pipe,  and  keep  it  red 
hot  tor  abont  two  minutes.     The  stone  will  be  decomposed,  die  soda 
will  expel  the  lithia  from  its  combination,  and  the  excess  of  alkali,  be- 
roimng  fluid  at  this  temperature,  will  spread  over  the  surface  of  the  foil, 
and  envelope  the  decomposed  mass.    The  platinum  round  the  fused 
alkaline  mass  assumes  a  aaik  colour,  deep  and  extensive  in  proportion 
to  the  quantity  of  lithia  in  the  mineral.     The  platinum  beneath  the  al- 
kali ia  not  oxidated,  but  only  in  those  parts  whercf  it  is  in  contact  both 
with  the  air  and  the  lithia.     Potassa  destroys  the  action  of  platinum  on 
the  lithia,  if  it  be  not  in  considerable  quantity.     The  meUd  recovers 
its  brilliancy  dler  being  well  washed  with  water  and  heated  to  redness. 
— JinntUes  de  Chimief  Vol.  x.  p.  104;  ^^^^ 


33ft  ACTIOlf  OV  THfi  9Low-pire 

Metallic  Oxides  and  Adda. 

Arnenic  (1013)  flies  off  accompanied  by  its  characteristic  smell,  re- 
sembling garlic.  When  large  pieces  of  white  arsenic  are  heated  cm 
ignited  charcoal,  no  smell  is  perceived.  To  produce  this  effect,  tiie 
white  oxide  mnst  be  reduced  bj  being  mixed  with  powdered  charcoal. 
If  arsenic  be  suspected  in  a  solution,  it  may  be  discovered  by  dip^ng 
into  it  a  piece  of  pure  and  well-bumt  charcoal,  which  is  afterwards  to 
be  dried  and  ignited. 

Obrofm'tifn.— lU  green  oxide  (1081 J  exhibits  the  following  proper- 
ties :  it  is  fusible  with  microcosmic  salt  ^phosphate  of  soda  and  a|iimo- 
nia)  in  the  interior  flame,  into  a  glass  which  at  the  instant  of  its  rerooral 
from  the  flame  is  of  a  violet  hue,  approaching  more  or  less  to  dark 
blue  or  red,  according  to  the  proportion  of  the  chromium.  After  cool- 
ing, the  glass  is  bluish  green,  but  less  blue  than  copper  glass.  In  the 
exterior  flame  the  colour  becomes  brighter,  and  less  blue  than  the  for- 
mer. With  borax  it  forms  a  bright  yellowish  or  yellow  red  glass  in  the 
exterior  flame ;  and  in  the  interior  flame  this  becomes  darker  and 
greener,  or  bluish  green. 

Molybdic  acid  (1071)  melts  b^  itself  upon  the  charcoal  wifli  ebulli- 
tion, and  is  absorbed.     In  a  platinum  spoon  it  emits  white  fumes,  and 
is  reduced  in  the  interior  flame  to  molybdous  acid,  which  is  blue,  bnt 
in  the  exterior  flame  it  is  again  oxidated  and  becomes  white.     With 
microcosmic  salt,  in  the  exterior  flame,  a  small  proportion  of  the  acid 
gives  a  green  glass,  which  by  gradual  additions  of  the  acid  passes 
through  yellow  green  to  reddish,  brownish,  and  hyacinth  brown,  with 
a  slight  tinge  of  green.     In  the  interior  flame  the  colour  passes  from 
yellow-green,  through  yellow-brown,  and  brown-red,  to  black  ;  and  if 
the  proportion  of  acid  be  large,  it  acquires  a  metallic  lustre,  like 
the  sulphuret,  which  isometimes  remains  after  the  g^ass  has  cooled. 
Molybdic  acid  is  but  spariiigly  dissolved  by  borax.     In  the  exterior 
flame  the  glass  acquires  a  grey-yellow  colour.     In  the  interior  flame 
black  particles  are  precipitated  from  the  clear  glass,  leaving  it  almost 
colouriess  when  the  quantity  of  molybdenum  is  small,  and  blackish 
when  the  proportion  is  large.     If  to  a  glass  formed  of  this  acid  and 
microcosmic  salt  a  little  borax  be  added,  and  the  mixture  fused  in  the 
exterior  flame,'  the  colour  becomes  instantly  reddish-brown ;  in  the 
interior  flame,  the  black  particles  are  also  separated,  but  in  smaller 
quantity.     6]^  long-continued  heat  the  colour  of  the  ^ass  is  diminish- 
ed, and  it  appears  yellower  by  the  light  of  a  lamp  than  by  day-light. 
This  acid  is  not  reduced  by  soda  in  the  interior  flame. 

Tungitic  Acid  (1095,  p.  274.)  becomes  upon  charcoal  at  first  brown* 
ishyelTpiv,  is  then  reduced  to  a  brown  oxide,  and  lastly,  becomes  black 
without  melting  or  smoking.  With  microcosmic  salt  it  forms  in  the  in- 
ferior flame  a  pure  blue  glass,  without  any  violet  tinge ;  in  the  exterior 
flame  diis  colour  disappears,  and  appears  again  in  the  interior.  With 
borax,  in  the  internal  flame,  and  in  smalf  proportion,  it  forms  a  colour- 
less glass,  which  by  increasing  the  proportion  of  acid,  becomes  dirty 
grey,  and  then  reddish.  By  long  exposure  toi  the  external  flame  it  is 
rendered  transparent,  but  as  it  cools  it  becomes  n^nddy,  whitish,  and 
changeable  into  red  when  seen  by  day-light.     It  is  not  reduced. 

Oxide  of  Odutnbium  (1108,  p.  276.)  undei^oes  no  change  by  itself, 
but  is  readily  fused  with  microcosmic  salt  and  with  borax,  into  «  clear 


coloorlese  ^ass,  from  which  the  oxide  may  be  precipitated  by  heating 
and  cooling  it  alternately.  The  glass  then  becomea  opaque,  and  the 
oxide  is  not  reduced. 

Oxide  ^  Titanium  (992)  becomes  yellowish  when  ignited  in  a  spoon* 
and  Upon  charcoal  dark  brown.  With  microcosmic  sait  it  gives  in  the 
interior  flame  a  fine  violet-coloured  glass,  more  tending  to  blue  than 
that  from  manganese.  In  the  exterior  flame  this  colour  disappears. 
With  borax  it  gives  a  dirty  hyacinth  colour. 

Oxide  of  Certvm  (998)  becomes  red  brown  when  ignited.  When 
the  proportion  is  small  it  forms  with  the  fluxes  a  clear,  colourless  glass^ 
which  by  increasii^  the  proportion  of  oxide  becomes  yellowish-green 
while  hot.  With  microcosmic  salt,  if  heated  a  long  time  in  the  inter* 
nal  flame,  it  gives  a  clear  colourless  glass. 

With  borax,  under  similar  circumstances,  it  gives  a  fidnt  yellow* 
green  glass  while  warm,  but  is  colourless  when  cold.  Exposed  a^ia 
for  some  time  to  the  external  flame,  it  becomes  reddish  yellow,  wkach 
colour  it  partly  retains  when  cold.  If  two  transparent  beads,  one  of 
the  compound  with  microcosmic  salt,  the  other  with  borax,  be  fused 
together,  the  triple  compound  becomes  opaque  and  white.  The  ox« 
ide  is  volatile. — See  Thomei»C%  Chetni$try^  Vol.  i.  p.  408,  hth  edition. 

Oxide  of  Uranium  (983).  — ^The  yellow  oxide  by  ignition  becomes 
green  or  greenbh  brown.  With  microcosmic  salt  in  the  interior  flame 
it  forms  a  clear  yellow  glaas,  the  colour  of  which  becomes  more  in- 
tense when  coid.  If  long  exposed  to  the  exterior  flame,  and  frequent- 
ly cooled,  it  gives  a  pale  jeiiowish,  red-brown  glass,  which  becomes 
greenish  as  it;  cools.  With  borax  in  the  itatetior  flame,  a  clear,  colour* 
less,  or  faintly  green  glass  is  formed,  containing  black  particles,  which 
appear  to  be  the  metal  in  its  lowest  state  of  oxidation.  In  the  exterior 
flame  this  black  matter  is  dissolved  if  the  quantity  be  not  too  great, 
and  the  glass  becomes  bright  yellowish-green,  and  after  further  oxidation 
yellowish-brown.  If  brougbt  again  into  the  interior  flame,  the  colour 
gradually  changes  to  green,  and  the  black  matter  is  again  precipitated^ 
but  no  further  reduction  takes  place. 

Oxide  of  Manganese  (703)  gives  with  microcosmic  salt,  in  the  exte- 
rior flame,  a  fine  amethyst  colour,  which  disappears  in  the  interior 
flame.  With  borax  it  gives  a  yellowish  hyacinth  red  glass*  When  the 
raai^^ese,  from  its  combination  with  iron,  or  smy  other  cause,  does  not 
produce  a  sufliciently  intense  colour  in  the  ^ass,  a  little  nitre  may  be 
added  to  it  while  in  a  state  of  fusion,  and  the  glass  then  becomes  dark 
violet  while  hot,  and  reddish  violet  when  cool.     It  is  not  reduced. 

Oxide  of  Tellurium  (1002),  when  gently  heated,  becomes  first  rel* 
low,  then  light  red  and  afterwards  black.  It  melts  and  is  absorbed  by 
the  charcoal,  and  b  reduced  with  a  slight  detonation,  a  greenish  flame 
and  a  smell  of  horse-radish.  Microcosmic  salt  dissolves  it  without  be« 
ing  coloured. 

Oxide  of  Antimony  (907)  is  partly  reduced  in  the  exterior  flame^ 
and  spreads  a  white  smoke  on  the  charcoal.  In  the  interior  flame  it  it 
readily  reduced,  either  alone  pr  with  the  addition  of  soda.  With  nl* 
crocoamic  salt  and  with  borax  it  forms  a  hyacinth  coloured  ^ass.^  Me^ 
tallic  antimony,  when  ignited  on  charcoal,  becomes  covered  with  ra^ 
diatiBg  acicular  crystals  of  white  oxide.  Sulphuret  of  antimony  melts 
oo  charcoal,  and  is  absorbed. 

Qrtdc  of  Bimuik  (939)  melts  rea£ly  in  a  spopn  to  a  brown  glass, 
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wUch  becomei  brighter  as  it  cools.  With  microcosmic  salt  it  fomis  3 
grey  jeliow  glass,  which  loses  its  transparency,  and  becomes  pale  when 
cool.     Add  a  further  proportion  of  oxide,  and  it  becomes  opaque. 

With  borax  it  forms  a  grey  glass,  which  decrepitates  in  the  interior 
flame,  and  the  metal  is  reduced  and  volatilized.  It  is  readily  redaced 
by  itself  on  charcoal. 

Oxide  of  Zinc  (766)  becomes  yellow  when  heated,  bat  whitens  as  it 
cools.     A  small  proportion  forms  with  microcosmic  salt,  and  with  bo- 
rax a  clear  glass,  which  becomes  opaque  on  increasing  the  quantity  of 
oxide.     A  drop  of  nitrate  of  cobalt  being  added  to  the  oxide  and  dried 
and  ignited,  it  becomes  green.     With  soda  in  the  interior  flttne  it  ii 
reduced,  and  burns  with  its  characteristic  flame,  depositing  its  oiide 
Qpon  the  charcoal.     By  this  process  zinc  may  be  easily  detected  ere n 
in  the  automalite.     Mixed  with  oxide  of  copper,  and  reduced^  Ihezinr 
will  be  fixed  and  brass  obtained.     Bat  one  of  the  most  unequirocal 
characters  of  the  oxide  of  zinc  is,  to  dissolve  it  in  vinegar,  evs|M)raie 
the  solution  to  dryness,  and  expose  it  to  the  flame  of  a  lamp  when  it 
will  bum  with  its  peculiar  flaifie. 

Oxide  of  Cadmkm  (819)  is  orange  yellow,  not  volatile,  and  easily 
redaced ;  it  gives  no  colour  to  borvsL^^^^nnalei  Jc  OUnUe  et  Phip*., 
Tom.  viii«,  p.  100. 

Oibide  of  Iron  (722)  prodaces  with  microcosmic  salt,  or  borax  io  the 
exterior  name,  wnen  cold,  a  yellowish  glass,  which  is  blood-red  while 
hot.  The  protoxide  forms  with  these  fluxes  a  green  glass,  which  by 
increasing  the  proportion  of  the  metal  passes  through  bottle  green  to 
black,  and  is  opaque.  The  glass  from  the  peroxide  becomes  green  in 
the  interior  flame,  and  is  reduced  to  protoxide,  and  becomes  attractable 
by  the  magnet  When  placed  on  the  wick  of  a  candle,  it  burns  with 
the  crackling  noise  peculiar  to  iron. 

Oxide  y  Cobalt  (968)  becomes  black  in  the  exterior,  and  grey  in  the 
interior  flame :  a  small  proportion  forms  with  microcosmic  ^t  and 
with  borax  a  blue  glass,  that  with  borax  being  the  deepest  By  trans- 
mitted light  the  glass  is  reddish.  By  farther  additions  of  the  oxides, 
it  passes  through  dark  blue  to  bUck.  The  metal  may  be  precqiitated 
from  the  dark  blue  glass  by  inserting  a  steel  wire  into  the  mass  while 
in  fusion.  It  is  malleable  if  the  oxide  has  been  free  from  arsenic,  and 
nay  be  collected  by  the  magnet,  and  is  distinguished  from  iron  by  the 
absence  of  any  crackling  sound  when  placed  on  the  wick  of  a  cimdle. 

Oxide  of  ATiekel  (1112)  becomes  black  at  the  extremity  of  the  ex> 
ferior  flame,  and  in  the  interior  greenish  grey.  It  is  dissolved  readily, 
and  in  large  quantity,  by  microcosmic  salt  The  f^ass  while  hot  is  a 
dirty  dmrk  red,  which  becomes  paler  and  yellowish  as  it  cools.  After 
the  glass  has  cooled,  it  requires  a  large  addition  of  the  oxide  to  pro- 
duce a  distinct  change  of  colour.  It  is  nearly  the  same  in  the  exteri- 
or and  interior  flame,  being  slightly  reddish  in  the  latter.  Nitre  added 
to  the  bead  makes  it  froth,  and  it  becomes  red  brown  at  first  and  after- 
wards  paler.  It  is  easily  fusible  with  borax,  and  the  colour  resembles 
the  preceding.  When  this  glass  b  long  exposed  to  a  high  degree  of 
heat  in  the  interior  flame,  it  passes  from  reddish  to  blackish  and  opa- 
qae,  then  bhckish  grey  and  transparent :  then  paler  reddish  grey,  and 
clearer ;  and  lastly,  transparent,  and  the  metal  is  precipitated  in  small 
white  metallic  globules. 

The  red  colour  seeois  here  to  be  produced  by  the  entire  foeion  or 
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solution  of  the  oxide,  the  black  by  incipieat  reduction)  and  the  grej 
by  the  minute  metallic  particles  before  they  combine  and  form  small 
globules.  When  a  little  soda  is  added  to.  the  glass  formed  with  borax, 
tbe  reduction  is  more  easily  effected,  and  the  metal  collects  itself  into 
one  single  globule.  When  this  oxide  contains  iron,  the  glass  retains 
its  own  colour  while  hot,  but  assumes  that  of  the  iron  as  it  cools. 

Oxide  of  Tin  (790),  in  form  of  hydrate,  and  in  its  liighest  degree  of 
purity,  becomes  yellow  when  heated,  then  red,  and  when  approaching 
to  ignition  black.  If  iron  or  lead  be  mixed  with  it,  the  colour  is  dark 
brown  when  heated.  These  colours  become  yellowish  as  the  sub- 
stance  cools.  Upon  charcoal  in  the  interior  flame,  it  beciMnes  and  con- 
tinues white  ;  and  if  originally  white,  and  free  from  water,  it  under- 
goes  no  change  of  colour  by  heating.  It  is  very  easily  reduced  with- 
out addition,  but  the  reduction  is  promoted  by  adding  a  drop  of  solu- 
tion  of  soda  or  potassa. 

Oxidt  of  Lead  (872)  melts,  and  is  reiy  quickly  reduced,  either 
without  any  addition,  or  when  fused  with  microcosmic  salt  or  borax. 
The  glass  not  reduced  is  black. 

Oxide  of  Copper  (826)  is  not  altered  by  the  exterior  flame,  but  be- 
comes protoxide  in  the  mtenor.  With  both  microcosmic  salt  and  bo- 
rax it  forms  a  yeUow-green  glass  while  hot,  but  which  becomes  blue- 
^reen  as  it  cools.  When  strongly  heated  in  the  interior  flame,  it  losea 
its  colour,  and  the  metal  is  reduced.  If  the  quantity  of  oxide  be  so 
amail  that  the  colour  be  not  preceptible,  its  presence  may  be  detected 
by  the  addition  of  a  litde  tin,  wiuch  occasions  a  reduction  of  the  oxide 
to  protoxide,  and  produces  an  opaque  red  glass.  If  the  oxide  has  been 
fused  with  borax,  this  colour  is  longer  preserved  ;  but  if  with  micro- 
cosmic salt,  it  soon  disappears  by  a  continuance  of  heat.  The  copper 
may  also  be  precipitated  upon  iron,  but  the  g^ass  must  be  first  saturated 
with  iroo«  Alkalies  or  lime  promote  this  precipitation.  If  the  glass 
containing  copner  be  exposed  to  a  smoky  flakne,  the  copper  is  super-r 
iicially  reduced,  and  the  glass  covered  while  hot  with  an  iridescent 
pellicle,  which  is  not  always  permanent  after  coohng.  It  is  very  easily 
reduced  by  soda.  Salts  of  copper,  when  heated  before  the  blow-pipe, 
give  a  line  green  flame. 

Oxide  of  Mercury  i  (1149)  before  the  blow-pipe,  becomcA  blade  and 
ts  entirely  volatilized.  In  this  manner  its  adulteration  may  be  dis^- 
vered« 

The  other  n^etals  may  be  reduced  by  themselves,  and  may  be  known 
by  Uieir  own  peculiar  character.^T/iom«o»'<  Jlnnabf  No.  Ixi.  p,  42» 
etseq. 

1374.  Althou^  tiie  principal  analyses  in  the  Allowing  sections  have 
beea  conducted  in  the  laboratory  of  the  Royal  Institution,  and  axtt 
therefore  the  results  of  actual  experiment,  there  are  many  difficulties 
in  their  performance,  which  practice  alone  will  enable  the  student  to 
overcome,  and  some  fidlacies,  to  which,  even  with  extensive  expert* 
ence,  he  will  atill  find  himself  liable :  among  the  latter,  I  cannot  help 
adverting  to  those  attractions  of  the  metalUc  oxides  for  each  other^ 
which  have  been  but  little  studied,  but  which  often  present  serious 
difBcuUies  to  the  preceedings  of  the  analyst ;  .where,  for  instance,  se- 
veral earths  are  held  in  the  same  solution,  it  is  extremely  difficult  te 
^ect  their  complete  separatiojo  by  the  agency  of  those  precipitants, 
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which  are  generMy  regarded  at  throwing  down  only  one  of  them ;  in 
the  same  wny,  although  water  occasions  no  precipitate  in  permuriate 
of  tin,  but  throws  down  the  oixide  from  permuriate  of  antimony,  jet  if 
the  permuriates  be  mixed,  it  is  found  that  the  precipitate  by  water 
contains  a  very  notable  proportion  of  peroxide  of  tin ;  and  many  si- 
milar cases  might  be  adduced. 

The  practice  of  submitting  substances  of  known  composition  to 
analysis,  cannot  be  too  strongly  recommended  to  the  chemical  student ; 
it  makes  him  acquainted  with  the  mutual  actions  and  habitudes  of  3 
number  of  bodies,  Which  experience  can  alone  teach,  and  gives  a  dex- 
terity of  manipulation,  and  an  accuracy  in  conducting  experimeotal 
inquiries,  of  which  he  will  find  the  value  when  subsequently  in  the 
pursuit  of  original  investigations. 


Section  I.     Of  the  Coinpoundi  of  Potassium. 

1375.  PvRE  PoTASSA  (544)  should  be  perfectly  soluble  in  twice  its 
weight  of  water,  and  the  solution  should  not  effervesce  upon  the  addi- 
tion of  a  few  drops  of  nitric  acid,  but  remain  undisturbed  and  transpa- 
rent. 

If  nitric  acid  cause  an  effervescence  in  the  solution  of  potassa,  it 
indicates  earbonie  acid;  tf  a  precipitate  not  soluble  in  slight  excess  of 
the  acid,  it  is  siiica;  if  a  precipitate  soluble  in  sli^t  excess  of  acid,  it 
is  alumina. 

The  presence  of  lime  in  solution  of  caustic  potassa^is  shown  by  neu- 
tralizii^  it  by  nitric  acid,  filtering  if  necessary,  and  addtn^  oxaAate  of 
ammonia,  which  causes  a  white  cloud  ;  or,  by  the  production  of  a  pre- 
cipitate of  carbonate  of  lime  upon  adding  solution  of  bicarbonate  of 
potassa. 

Baryta  water  should  occasion  no  turbtdness  in  a  solution  of  pare 
|M>tassa ;  if  it  occasion  a  precipitate  soluble  with  effervescence  ia  nitric 
acid,  it  announces  carbonic  and ;  if  insoluble,  snlphvric  acid, 

1376.  Chlorate  of  Poiassa  (546)  is  sometimes  mixed  with  a  Utile  of 
the  chloride  of  potassium,  idiich  is  shown  by  the  addition  of  solution  of 
nitrate  of  silver  occasioning  a  precipitate,  which  it  does  not  in  the  so- 
lution of  the  pure  chlorate. 

1377.  Jfitrate  of  Pbtassa  (651). — The  quantity  of  pure  nitre  in  a 
given  portion  of  the  rough  salt  may  be  learned  with  tolerable  accuracy 
by  the  following  process  : 

Purification  of  \itre. — 7  lbs.  of  rough  nitre  are  accurately  weighed, 
«nd  then  dissolved  by  heat  in  21  parts  of  water ;  when  boiling,  Ibc 
scum  is  removed  until  no  more  rises,  and  then  tlie  solution  is  allowed 
to  settle  for  ten  minutes  or  longer.  In  this  way  nearly  all  the  dirt  ibfls 
down,  and  the  clear  solution  being  poured  off,  is  passed  through  a  filter 
Of  tow  into  a  pan,  and  set  aside  to  crystallize  ;  the  dirt  left  behind  is 
added  to  the  scum,  and  both  being  diluted,  are  filtered  through  paper, 
tod  tlie  clear  solution  preserved.  Next  day  the  crystals  formed  in  the 
Jtan  are  separated  and  put  into  funnels  to  drain,  and  the  mother  liquor 
with  the  filtered  solution  from  the  scum.  4*c.5  are  further  eva|M)rated 
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and  again  left  to  (Crystallize.  On  the  secoi^  evaporation,  impurities 
generally  separate  from  the  solution ;  these  are  sometimes  oxide  of  iron » 
or  sulphate  of  lime,  hut  most  frequently  common  salt  and  nitrate  of 
soda.  The  two  first  are  easily  separated  hy  filtration  ;  the  third  is  hest 
separated  hy  evaporating  the  solution  considerahly,  until  much  salt  has 
been  deposited,  and  then  pouring  the  whole  upon  a  filter  of  tow  ;  the 
salt  will  remain  on  it,  and  should  he  washed  hy  water  to  separate  the 
nitre,  which  water  should  be  added  to  the  liquor,  and  the  whole  then 
brought  to  the  crystallizing  point.  When  cold,  the  crystals  deposited 
by  this  solution  are  to  be  separated,  and  more  salt  separated  as  before, 
until  the  mother  liquor  is  divided  into  common  salt  and  nitre.  It  fre- 
quently happens  that  the  crystals  from  the  two  or  three  last  evapora- 
tions are  coloured  or  contaminated  hy  the  adhesion  of  common  salt, 
sulphate  of  lime,  ^c. ;  in  this  case,  they  should  be  re«dissolved  and  re- 
crystallized  with  the  same  precautions  as  before.  Care  should  be  tak- 
en in  drying  the  crystals,  especially  when  small  or  when  hastily  formed, 
that  no  water  remain  in  the  interstices  or  cleavages  between  them. 

Solution  of  pure  nitre  is  not  rendered  turbid  either  by  nitrate  of  sil- 
Ter  or  nitrate  of  baryta. 

1378.  Giinpowder.^rTo  analyse  this  compound,  boil  it  with  font 
parts  of  water,  edulcorate  the  residue,  dry  it  at  212*,  and  weigh  ;  the 
loss  indicates  Uie  nitre.  The  dry  residue,  composed  of  charcoal  and 
sulphur,  may  be  decomposed  by  spreading  it  upon  an  earthen  plate  and 
burning  off  the  sulphur  at  the  lowest  possible  heat ;  the  charcoal  will 
remain,  still  however  retaining  a  little  sulphur.  A  more  accurate  pro- 
cess consists  in  introducing  the  mixture  into  a' small  retort  furnished 
with  a  stopcock,  exhausted,  and  filled  with  chlorine ;  heat  applied  vo- 
latilizes the  chloride  of  sulphur  and  leaves  the  charcoal,  which  may 
be  washed,  dried,  and  weighed. 

1379.  CarhofuUe  of  Potcastu — Dr.  Henry  has  given  the  following  di- 
rections for  ascertaining  the  quantity  of  real  sdcali  contained  in  the 
rough  alcalis  of  commerce  ;  the  process  depends  upon  their  saturat- 
ing power  in  respect  to  an  acid  of  known  density,  and  the  principle  of 
the  analysis  has  been  already  adverted  to  (569,  600)  ;  bia  directions, 
however,  are  of  such  practical  utility,  that  I  have,  with  his  permis- 
sion, transcribed  them.  **  Provide  a  tube,  nine  inches  and  a  half  long 
and  three  fourths  of  an  inch  internal  diameter,  provided  with  a  lip  for 
the  convenience  of  pouring,  and  a  glass  foot  to  support  it. 

^<  A  tube  of  this  kind  holds  1000  grains  of  water,  and  (which  is  desi- 
rable) a  little  more.  To  graduate  it,  weigh  into  it  100  succesive  por- 
tions of  distilled  water  at  60®  Fahrenheit,  of  ten  grains  each ;  or,  if 
the  tube  be  of  equal  bore  throughout,  it  may  be  sufficient  to  weigh  into 
it  ten  successive  portions  of  water  of  100  grains  each,  dividing  each 
of  the  intermediate  spaces  into  ten  parts  by  a  pair  of  compasses. 
When  1000  grains  of  water  have  been  weighed  into  the  tube^  a  line 
may  be  drawn  with  a  file,  which  may  be  marked  0,  the  tenth  below 
this  10,  and  so  on. 

*«  The  test  acid,  which  I  prefer,  is  made  by  diluting  one  part  of  oil 
of  vitriol  of  commerce  of  sp.  gr.  1.849,  with  four  parts  of  water  ;  con- 
sequently, one  fifth  part  of  its  weight  is  concentrated  oil  of  vitriol,  and 
its  specific  gravity  is,  as  nearly  as  possible^  1.141.  Acid  of  this 
strength  does  not,  on  fiirther  dilution,  give  out  any  heat,  that  can  be  a 
scarce  of  inaccuracy. 


3.{(>  ALCALIMETRT. 

*^  When  an  alcali  is  to  be  examined,  find,  by  Dr.  Wolbiston*fl  Scale  of 
Equivalents,  how  many  grains  of  oil  of  yitriol  are  required  to  neutral- 
ize 100  grains  of  what  may  be  considered  the  proper  alcaline  ingredi- 
ent of  the  substance  in  question.  This,  in  ptarUuh^  is  sub-carbonate  of 
potash ;  in  potash^  pure  potash  ;  in  barilla  or  kelp^  dry  sub-carbonate 
of  soda.  Let  us  take  pearlash  as  an  example.  On  referring  to  the 
scale,  we  find  that  100  grains  of  sub-carbonate  of  potash  are  equiva- 
lent to  7 1  grains  of  concentrated  oil  of  vitriol*.  Put,  therefore,  into 
the  test-tube  a  quantity  of  the  dilute  acid  containing  71  grains  of  con- 
centrated acid,  vi2,y  355  grains  ;  and  to  spare  the  trouble,  oa  any  fii- 
ture  occasion,  of  weighing  the  acid,  let  a  line  be  drawn  with  a  file  on 
the  blank  side  of  the  tube,  at  the  level  of  the  acid  liquor,  which  may 
be  marked  Equiv.  ofSube.  Pot. 

**  Fill  up  the  tube  with  water  to  the  line  marked  0,  and  mix  the  9tdd 
and  water  completely  by  pouring  them  into  a  lipped  glass  vessel;  stir* 
ring  with  a  glass  rod ;  and  then  returning  them  into  the  tube.  Now  as 
the  whole  100  measures  contain  a  quantity  of  oil  of  vitriol  equivalent 
to  100  grains  of  sub-carbonate  of  potash,  it  is  obvious  that  each  mea- 
sure of  the  liquor  in  the  tube  is  adequate  to  the  neutralization  of  one 
grain  of  the  sub-carbonate. 

*'  Let  200  grains,  taken  out  of  a  fair  average  specimen  of  the  peail- 
asb  to  be  examined,  be  dissolved  in  two  ounce  measures  of  warm  distill- 
ed water,  filter  the  solution ;  and  wash  the  filter  with  two  ounces 
more  of  water,  which  is  best  applied  to  the  margin  of  the  paper,  by 
means  of  a  dropping  bottle.  Add  the  washings  to  the  solution,  and 
having  mixed  the  whole  together,  pour  one  half  into  a  tumbler  or  gob- 
let, reserving  the  other  haUT  for  a  repetition  of  the  experiment  if  ne- 
cessary. 

"  To  the  liquor  in  the  glass  goblet,  add  the  diluted  acid  very  gra- 
dually, making  the  additions  more  and  more  slowly  towards  the  last. 
As  soon  as  the  point  of  neutralization  is  attained,  which  will  be  shown 
by  the  cessation  of  a  change  of  colour  in  slips  of  litmus  and  of  tunne- 
ric  paper  dipped,  from  time  to  time,  into  the  Uquor,  no  more  acid 
must  be  added.     It  is  proper,  however,  the  operator  should  be  aware, 
that  there  will  often  be  an  apparent  excess  of  test  acid,  in  consequence 
of  the  carbonic  acid,  which  is  disengaged,  acting  on  the  litmus  paper. 
To  avoid  this  source  of  error,  it  is  advisable,  towards  the  last,  to  warm 
the  liquor,  by  setting  the  glass  containing  it  for  half  an  hour  near  the 
fire,  and  while  thus  warmed,  to  add  very  cautiously  the  rest  of  the 
acid  required  for  saturation.    This  point  being  attained,  the  number  on 
the  test-tube,  at  the  level  of  the  acid  remaining  in  it,  shows  at  once, 
without  any  calculation,  how  much  per  cent,  of  sub-carbonate  of  potash 
is  contained  in  the  pearlash  under  examination.     In  the  samples  I  have 
tried,  it  has  generally  been  about  80  per  cent. 

*'  In  operating  on  barilla,  kelp,  or  any  variety  of  the  mineral  alcali, 
the  process  is  exactly  the  same,  except  that  as  93t  of  oil  of  vitriol  are 
equivalent  to  100  of  sub-carbonate  of  soda,  we  must  take  9dX5ss:465 
grains,  of  sulphuric  acid  of  density  1.141.  This  may  be  marked  on 
the  tube,  EquivaUnt  of  Subcarbimate  of  Soda.  In  a  similar  manner, 
we  may  mark  on  the  tube  the  equivalent  oi  pure  potash,  viz.^  520 

•  Dr.  Ure  makrs  h  70A.^^oum,  of  .Science,  iv.  119. 

♦  A.voidins  ^  ^'  Ure,  91.4ii  the  tiw  equivaleiit— /oum.  of  Scien£€,Jtc,  ir.  119. 
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grains  of  the  above  diluted  acid  ;  and  that  o{  pure  soda,  783  grains  \ 
with  any  other  equivalents,  that  may  be  likely  to  be  of  use. 

*'  Having  ascertained  the  proportion  of  sub-carbonate  of  potash  in 
any  sample  of  pearlash,  it  is  easy  to  find,  by  the  sliding  scale,  its  equi- 
valent quantity  of  pure  or  caustic  potash.  Thus,  supposing  the  pearl- 
ash  to  contain  80  per  cent,  of  sub -carbonate,  that  number  being  set  to 
9ub-carbonate  of  potash  on  the  scale,  the  equivalent  in  pure  potash  is 
at  once  seen  to  be  65. 

••To  determine,  by  the  same  graduated  tube,  the  strength  of  any 
acid  whose  equivalent  is  known,  (which  is  the  reverse  of  the  foregoing 
process)  we  must  put  100  grains  of  the  acid,  with  a  sufficient  quantity 
of  water,  into  a  goblet ;  and  use,  for  saturating  it,  its  equivalent  of  any 
alcali.  For  example,  100  grains  of  concentrated  oil  of  vitriol  requir- 
ing for  saturation  108  grains  of  dry  sub-carbonate  of  soda,  dissolve  the 
latter  quantity  of  alcali  in  water  sufficient  to  make  up  100  measures  of 
solution  in  the  tube  ;  then  pour  the  alcaline  solution  to  the  acid  liquor, 
till  the  latter  is  neutralized  ;  and  the  number  of  measures  which  have 
been  expended,  exactly  denote  the  strength  of  the  acid. 

**  It  may  sometimes  be  desirable  to  know  the  proportion,  not  of  con- 
centrated or  of  real  acid,  but  of  acid  of  some  inferior  degree  of  den- 
sity, in  a  specimen  of  acid.  The  tnethod  of  doing  this  will  best  be  ex- 
plained by  an  example.  Suppose  that  we  wish  to  know  the  equiva- 
lent, in  muriatic  acid  of  sp.  gr.  1.160,  to  100  grains  of  the  same  acid 
of  sp.  gr.  1.074  ;  find,  by  the  alcaline  test,  or  by  referring  to  the  ta- 
bles in  the  Appendix,  how  much  real  acid  100  grains  of  both  those 
acids  contain.  In  acid  of  sp.  gr.  1. 160  it  will  be  23.4  per  cent.  ;  in  acid 
of  sp.  gr.  1.074,  it  will  be  1 1.  Then  23.4  :  100  : :  1 1  :  47.  There- 
fore  47  grains  of  muriatic  acid,  of  sp.  gr.  1.160,  are  equivalent,  in 
acidity,  to  100  of  sp.  gr.  1.074. 

^^  No  chemical  operation  can  be  more  simple,  or  more  easily  managed, 
than  the  measurement  of  the  strength  of  alcalis  by  acid  liquors,  and  of 
acids  by  alcaline  ones,  in  the  way  which  has  been  described.  The 
test-tube,  which  is  the  only  instrument,  required  for  that  purpose,  may 
be  had  at  any  glass-house,  and  may  easily  be  graduated  by  any  person 
who  will  take  the  necessary  pains.  When  once  accurately  prepared, 
it  will  be  found,  also,  useful  for  a  variety  of  other  purposes,  which 
will  readily  present  themselves  to  the  practical  chemist." 

1380.  The  purified  Carbonate  of  Potassa  (569)  of  the  shops  should 
be  perfectly  soluble  in  twice  its  weight  of  cold  water.  It  often  con- 
tains silica^  sulphate  of  potassa ,  chloride  of  potassiumy  and  carbonate  of 
lime.  To  detect  these,  dissolve  a  hundred  grains  in  nitric  acid  diluted 
with  eight  parts  of  water :  the  silica,  if  any  be  present,  remains  un- 
dissolved :  separate  the  solution  into  three  equal  parts ;  to  the  first, 
add  nitrate  of  baryta,  which  causes  a  precipitate  of  sulphate ;  collect, 
wash,  and  dry  it ;  100  parts  are  equivalent  to  74  of  sulphate  of  potas- 
sa:  to  the  second,  add  nitrate  of  silver ;  100  grains  of  the  precipi- 
tate, washed  and  dried  at  a  dull  red  heat,  is  equivalent  to  62  of  chloride 
of  potassium  :  to  the  third,  add  oxalate  of  ammonia,  and  dry  the  edul- 
corated precipitate  at  a  heat  of  300«» ;  100  parts  are  equal  to  77  of 
carbonate  of  lime. 

1381.  There  are  a  few  mineral  substances  which  contain  potassa  ; 
it  was  first  detected  in  the  leucite  by  Klaproth,  whose  analysis  of  that 
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BiiDeral  maj  be  adrantageoasly  consulted  by  the  student.    {MolyUcd 
E99atf$,  u  d4B.)    It  consists  of 

Silica 53.760 

Alumina 24.626 

Fotassa 21.350 

99.725 

There  are  two  modes  of  analjrsis  which  may  be  practised  uponsQch 
minerals ;  they  may  either  be  directly  acted  upon  by  acids :  or  fused 
with  baryta>  and  afterwards  submitted  to  acid  solution. 

A.  100  grains  of  leucite  in  very  fine  powder  were  digested  for  six 
hours  in  muriatic  acid«  which  was  then  decanted  off  and  the  residue 
washed  upon  a  filter,  the  washings  being  mixed  with  the  solution.  The 
residue  weighed  60  grains,  (a,) 

B.  The  muriatic  solution  was  supersaturated  with  pure  ammonia, 
which  occasioned  a  bulky  brownish  precipitate  (b),  which  was  collect- 
ed, washed,  and  dried  ;  it  amounted  to  12.5  grains. 

c.  Carbonate  of  ammonia  produced  no  change  in  the  last-mentioned, 
filtrated  liquor,  which  was  Uierefore  evaporated  to  dryness  and  the 
residue  exposed  to  a  red  heat  in  a  platinum  crucible  ;  it  was  then  com- 
pletely re-dissolved  in  water  and  again  evaporated  to  dryness ;  it  had 
the  characters  of  chloride  of  potassium  (c),  and  weighed  41  grains. 

D.  The  residue  a  a  was  fused  with  three  parts  of  potassa  maalfet 
crucible,  the  fused  mass  dissolved  in  water,  supersaturated  with  muria- 
tic acid,  evaporated  to  dryness,  and  again  digested  in  water ;  there  re- 
pained  68. Q  grains  of  dry  and  pure  silica. 

E.  The  precipitate  b  a  was  entirely  soluble  in  pure  solution  of  po- 
tassa, with  the  exception  of  a  trace  of  oxide  of  iron.  Being  again 
thrown  down  by  muriate  of  ammonia,  it  was  found  to  be  pure  alumina. 

F.  The  chloride  of  potassium  c  c  was  decomposed  in  a  platinum  cru^ 
cible  b^  sulphuric  acid,  and  it  afforded  48  grains  of  sulphate  of  potassa, 
which  IS  eqivalent  tp  26  of  potassa. 

The  result  of  this  analysis  differs  in  the  proportions  of  the  compo- 
nents from  that  of  K|aproth  ;  it  may  be  stated  as  follows  : 

Silica,  A  a 68.5  grains 

Alumina  with  a  >     «  .  .  o  e 
traceofironl'**'^    *• 

Potassa,  c  c  F 26. 

\*W9 3. 

100. 

1382.  It  may  here  be  remarked,  that  the  existence  of  potassa,  soda, 
and  Uthia  in  minerals,  is  generally  first  indicated  by  the  great  apparent 
loss  which  is  sustained  upon  collecting  and  weighing  their  precipitable 
components  :  thus,  if  in  any  case  of  analysis  we  lose  upon  the  i^gre- 
fate  weight  of  the  precipitates,  more  than  2  or  3  ptr  cciU.,  we  may  sus- 
jpect  the  existence  of  the  fixed  alcalis,  and  direct  our  attention  accord- 
ingly to  their  detection.  It  also  generally  happens,  that  minerals  which 
i;ontain  any  considerable  proportion  of  fixeid  alcaline  substances,  are 
remarkably  for  the  fecility  with  which  they  enter  into  fusion  before  the 
Wo^v-pipe, 
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SBCTieN  tl.    €f  the  Combinations  of  Sodium. 

1383.  Pure  Soda  (577)  may  be  tested  in  the  same  way  as  pure  po- To  aifUnguish 
tassa.     The  presence  of  potasta  in  soda  may  be  detected  by  adding  to{2!iil'^'^  '^ 
its  aqueous  solution  muriate  of  platinum,  which  forms  a  buff-coloured 
precipitate  if  potassa  be  present. 

1384.  Chloride  of  Sodium.  (579).  The  usual  impurities  of  sea  salt  To  pmifj. 
are  muriaUi  of  magnesia  and  lime.     Dissolve  100  grains  in  an  ounce 

of  water,  and  add  carbonate  of  ammonia,  which  throws  down  carbonate 
of  lime,  100  parts  of  which,  washed  and  dried  at  300^,  are  equivalent 
to  110  of  dry  muriate  of  lime  (chloride  of  calcium).  Boil  the  filter- 
ed liquor  nearly  to  dryness,  ana  carbonate  of  magnesia  falls,  of  which 
100  parts  are  equal  to  about  134  of  dry  muriate  of  magnesia. 

1385.  Sulphate  of  Soda, — This  salt  in  the  form  of  crystals,  may  beAndjiuot 
analyzed  as  follows  :  Weigh  off  100  grains,  and  introduce  it  into  a  pla- 
tinum crucible,  previously  weighed  ;  place  it  in  a  sand  heat,  and  gra- 
dually give  it  a  red  heat  for  half  an  hour ;  when  cold  ascertain  the  loss 

of  weight,  which  is  water  of  crystallization,  (a).  Pour  two  ounces  of 
water  upon  the  dry  salt,  and  when  perfectly  dissolved  add  solution  of 
nitrate  of  baryta  as  long  as  it  occasions  any  precipitate  ;  edulcorate, 
dry,  and  weigh  the  sulphate  of  baryta  thrown  down  (6),  of  which  100 
parts  indicate  34  of  sulphuric  acid.  The  filtered  liquor  contains  the 
soda,  now  in  the  state  of  nitrate,  and  any  excess  of  nitrate  of  baryta 
that  might  have  been  added :  evaporate  it  to  dryness,  expose  the  resi- 
due to  a  red  heat  for  half  an  hour  in  a  platinum  crucible,  by  which 
the  acid  will  be  expelled,  and  a  mixture  of  soda  and  baryta  remain  ; 
pour  upon  it  dilute  sulphuric  acid,  which  forms  sulphate  of  soda  and 
sulphate  of  baryta ;  the  latter,  being  insoluble,  is  separated  by  filtra- 
tion ;  the  filtered  solution  of  regenerated  sulphate  of  soda  should 
afford  on  evaporation  and  expulsion  of  water  as  above  directed,  a  quan- 
tity of  sulphate,  exactly  equal  to  that  of  the  process,  (a).  Thus  it 
will  be  found  that  100  grains  of  sulphate  of  soda  in  crystals,  afford  of 

Water 56.00 

Sulphuric  acid 24.75 

Soda 19.25 

1386.  Sulphate  of  soda  is  seldom  sophisticated  ;  it  should  not  change 
the  colour  of  litmus  or  turmeric  ;  it  sometimes  contains  a  little  iron, 
which  interferes  with  some  of  its  pharmaceutical  uses ;  this  may  be 
detected  by  adding  tincture  of  galls  to  the  aqueous  solution  of  the  salt, 
sliglitly  acidulated  by  nitric  acid,  when  it  occasions  a  black  cloud. 
Sea  salt  is  discovered  in  solution  of  sulphate  of  soda,  by  the  addition 
of  sulphate  of  silver  ;  salts  of  lime  are  shown  by  the  precipitate  of 
carbonate  of  lime,  occasioned  by  carbonate  of  ammonia.  Sulphate  of 
potassa  is  recognised  by  its  sparing  solubility. 

1387.  Carbonate  of  Soda.— The  analysis  of  kelp  and  barilla  has  been 
above  referred  to.  (page  338.) 

The  carbonate  or  soda  of  the  shops  {sodtB  suhcarhonas  of  the  Phar^ 
mocopcBta),  often  contains  sulphate  of  soda  and  sea  saU;  to  discover  Aadjiitoi; 
these,  saturate  »  given  weight  of  the  salt  with  pure  dilute  nitric  acid. 
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and  dfride  the  solutioD  into  two  parts :  to  one  add  nitrate  of  baryta, 
which  gives  a  precipitate  of  sulphate  of  baryta ;  to  the  other  add  ni- 
trate of  silver,  which  throws  down  chloride  of  silver,  of  which  lOtf 
part^,  properly  washed  and  dried*  are  equal  to  41  of  sea  salt. 

If  carbonate  of  soda  contain  carbonate  of  potaasa^  its  presence  is 
shown  by  adding  to  a  saturated  solution  of  the  carbonate,  a  saturated 
•olotion  of  tartaric  acid  in  excess;  a  precipitation  of  crystalline  grains 
of  bi-tartrate  of  potassa  ensues  if  potassa  be  present. 

1388.  Bi'carbonate  of  Soda  is  frequently  mixed  with  carbonate  of 
soda ;  and  it  is  difficult  to  detect  the  proportion  of  the  latter,  in  conse- 
quence of  the  quantity  of  water  in  the  bi-carbonate,  not  having  been 
accurately  ascertained.  The  composition  of  the  dry  bi-carbonate  is 
given  above.  (601^. 

1389.  Borate  o/Soda^  or  borax,  is  sometimes  adulterated  by  coainioD 
salt,  and  by  alum.  To  detect  these,  dissolve  a  portion  of  the  salt  in 
water,  and  add  slight  excess  of  nitric  acid.  Test  this  solution  by  ni- 
trate of  silver  for  the  discovery  of  sea  salt ;  and  by  nitrate  of  baryta 
for  sulphuric  acid. 

1390.  There  are  several  minerals  which  contain  soda ;  the  folloiriog 
analysis  of  the  sodalite,  by  Dr.  Thomson,  may  be  taken  as  an  instance 
of  one  mode  of  proceeding  in  these  cases. — Phil.  Mag.^  xxxvii.  p.  303 ; 
Wj  Transactions  of  the  Royal  Society  of  Edinburgh. 

*M00  grains  of  the  mineral,  reduced  to  a  fine  powder,  were  mixed 
with  200  grains  of  pure  soda,  and  exposed  for  an  hour  to  a  strong  red 
beat  in  a  platinum  crucible.  The  mixture  melted,  and  assamed,  when 
cold,  a  beautifiul  grass-green  colour.  When  softened  with  water,  the 
portion  adhering  to  the  sides  of  the  crucible,  acquired  a  fine  brownish 
yellow.  Nitric  acid  being  poured  upon  it,  a  complete  solution  was  ob- 
tamed.  Suspecting  from  the  appearance  which  the  fused  mass  assumed, 
that  it  might  contain  chromium,  I  neutralized  the  solution  as  nearly  as 
possible  with  anunonia,  and  then  poured  into  it  a  recently  prepared  ni- 
trate of  mercury.  A  white  precipitate  fell,  which  being  dried  and  ex- 
posed to  a  heat  rather  under  redness,  was  all  dissipated,  except  a  small 
portion  of  grey  matter,  not  weighing  quite  0. 1  grain.  This  matter  was 
insoluble  in  acids,  but  became  white.  With  potash  it  fused  into  a  co- 
lourless glass.  Hence  I  consider  it  as  silica.  This  experiment  shows 
that  no  chromium  was  present  I  was  at  a  loss  to  account  for  the  pre- 
cipitate thrown  down  by  the  nitrate  of  mercury.  But  Mr.  Allan  hav- 
ing shown  me  a  letter  from  Ekeberg,  in  which  he  mentions  that  be  had 
detected  muriatic  acid  in  sodalite,  it  was  easy  to  see  that  the  whole 
precipitate  was  calomel.  The  white  powder  weighed  26  grains,  indi- 
cating, according  to  the  analysis  of  Chenevix,  about  3  grains  of  muriatic 
acid. 

*^*  The  solution,  thus  freed  from  muriatic  acid,  being  concentrated  by 
evaporation,  gelatinized.  It  was  evaporated  nearly  to  dryness,  the  drj 
mass  digested  in  hot  water,  acidulated  with  nitric  acid,  and  poured  upon 
the  filter,  was  washed,  dried,  and  heated  to  redness.  It  weired  37.2 
grains,  and  was  silica.  The  liquor  which  had  passed  through  the  filter 
was  supersaturated  with  carbonate  of  potash,  and  the  copious  white 
precipitate  which  fell,  collected  by  the  filter,  and  boiled,  while  yet  moist, 
in  potash-ley.  The  bulk  diminished  greatly,  and  the  undissolved  por- 
tion assumed  a  black  colour,  owing  to  some  oxide  of  mercury  with 
which  it  was  contaninated.    The  potash-ley  being  passed  through  the 
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filter,  to  free  it  from  the  xioidissolyed  matter*  was  mixed  with  asuflicieiit 
quantity  of  sal-ammoniac.  A  copious  white  precipitate  fell,  which 
being  collected,  washed,  dried,  and  heated  to  redness,  weighed  27.7 
grains.  This  powder  being  digested  in  solphuric  acid,  dissolved  except 
0.22  grain  of  silica.  Sulpkeite  of  potash  being  added,  and  the  solution 
set  aside,  it  yielded  alum  crystals  to  the  very  last  drop.  Hence  the 
27.48  grains  of  dissolved  powder  were  alumina. 

<*  The  black  residue,  which  the  potash-ley  had  not  taken  up,  was 
dissolved  in  diluted  sulphuric  acid.  The  solution  being  evaporated  to 
dryness,  and  the  residue  digested  in  hot  water,  a  white  soft  powder  re* 
mained,  which,  heated  to  redness,  weighed  3.6  grains,  and  was  sulphate 
of  lime,  equivsdent  to  about  2  grains  of  lime. 

**^  The  liquid  from  which  the  sulphate  of  lime  was  separated,  being 
exactly  neutralized  by  ammonia,  succinate  of  ammonia  was  dropped  in^ 
a  brownish  red  precipitate  fell,  which  being  heated  to  redness  in  a  co- 
vered crucible,  weighed  1  grain,  and  was  black  oxide  of  iron. 

**  The  residual  liquor  being  now  examined  by  different  re-agents,  no- 
thing further  could  be  precipitated  from  it.  The  liquid  from  which 
the  alumina,  lime,  and  iron,  had  been  separated  by  carbonate  of  potash, 
being  boiled  for  some  time,  let  fall  a  small  quantit;^  of  yellow  coloured 
matter.  This  matter  being  digested  in  diluted  sulphuric  acid,  partly 
dissolved  with  effervescence,  but  a  portion  remained  undissolved, 
Yveighing  1  grain.  It  was  insoluble  in  acids,  and  with  potash  melted 
into  a  colourless  glass.  It  was  therefore  silica.  The  sulphuric  acid 
ftolution  being  evaporated  to  diyness,  left  a  residue  which  possessed 
the  properties  of  sulphate  of  lime,  and  which  weighed  1.2  grains, 
equivalent  to  about  0.7  grain  of  lime. 

"  The  constituents  obtained  by  the  preceding  analysis  bebg  obvious- 
ly defective,  it  remained  to  examine  whether  the  mineral,  according  to 
the  conjecture  of  Boumon,  contained  an  akali.  For  this  purpose  100 
grains  of  it,  reduced  to  a  fine  powder,  and  mixed  with  500  grains  of 
nitrate  of  barytes,  were  exposed  for  an  hour  to  a  red  heat  in  a  porce- 
lain crucible.  The  fused  mass  was  softened  with  water,  and  heated 
with  muriatic  acid.  The  whole  dissolved  except  26  grains  q£  a  white 
powder,  which  proved  on  examination  to  be  silica.  Thf  muriatic  acid 
solution  was  mixed  with  sulphuric  acid,  evaporated  to  dryness,  the  re- 
sidue digested  in  hot  water,  and  filtered  to  separate  the  sulphate  of  ba- 
rytes. The  liquid  was  now  mixed  with  an  excess  of  carbonate  of  am- 
monia, boiled  for  an  instant  or  two,  and  then  filtered,  to  separate  the 
earth  and  iron  precipitated  by  the  ammonia.  The  liquid  was  eyapo- 
rated  to  dryness,  and  the  dry  mass  obtained  exposed  to  a  r^d,  heat  in  a 
silver  crucible.  The  residue  was  dissolved  in  water,  and  exposed  in 
the  open  air  to  spontanBOus  evaporation.  The  whole  gradually  shot 
into  regular  crystals  of  sulphate  of  soda.  This  salt  being  exposed  to 
a  strong  red  heat,  weighed  60  grains,  indicating,  accorSng  Berthol* 
let's  late  analysis,  23.6  grains  of  pure  soda.  It  deserves  to  be  mention* 
ed,  that  daring  this  process  the  silver  crucible  was  acted  on,  and  a 
amall  portion  of  it  was  afterwards  found  among  the  sulphate  of  soda. 

*«  This  portion  was  separated  before  the  sulphate  of  soda  was 
weighed. 

<<  The  precceding  analysis  gives  us  the  constituents  of  sodalite  ai 
foUows : 
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Silica 38.52 

Alumina 27.48 

Lime 2.70 

Oxide  of  iroQ l.OO 

Soda 23.50 

Muriatic  acid 3.00 

Volatile  matter 2.10 

L088 1.70 


100.00 


*^  Mr.  Allan  sent  a  specimen  of  this  mineral  to  Mr.  Ekeberg,  who 
analyzed  it  in  the  course  of  last  sommer.  The  constituents  which  he 
obtained,  as  he  states  them  in  a  letter  to  Mr.  Allan,  are  as  followt : 

Silica 36, 

Alumina 32. 

Soda 26. 

Muriatic  acid 6.75 

Oxide  of  iron 0.25 


100.00 


**  This  result  does  not  differ  much  from  mine.  The  qaantitj  of 
muriatic  acid  is  much  greater  than  mine.  The  hme  and  the  volatile 
matter  which  I  obtained  escaped  his  notice  altogether.  If  we  were  to 
add  them  to  the  alumina  it  would  make  the  two  analyses  almost  the 
same.  No  mineral  has  hitherto  been  found  containii^  nearij  so  much 
soda  as  this.  Hence  the  reason  of  the  name  by  which  I  have  distin- 
guished it." 


Section  III.    Cf  the  Coftibinatiom  of  Lithium. 

1391.  Lithium  (607)  has  been  found  in  a  very  few  minenJs  only. 
It  is  contained  in  largest  quantity  in  the  triphane  or  ^efwiune,  ivlnch 
consists  of 

Silica 66. 

Alumina *  .  •  •  •  25. 

Lithia 9. 

A  trace  of  oxide  of  iron,     «-— - 

100. 

Triphane  has  been  found  in  Sweden,  in  the  Tyrol,  and  in  IrebnL 
Its  colour  is  greyish  green ;  it  is  translucent,  hard,  and  brittle  :  specJ6c 
grairi^  3.2.  It  occurs  massire,  and  its  structure  is  lamellar,  and  fib> 
rous. 

PetoliTe,  according  to  the  corrected  analysis  of  M.  Arfwedson,  cw 
sistsof 

Silica 77. 

Alumina 17. 

Lithia  *......-....    Q. 

100. 
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Petahie  has  hitherto  heen  found  in  Sweden  only :  its  colours  are 
reddish,  greenish,  or  grayish  white.  It  is  translucent,  lamellar,  anA 
hard  :  specific  gravity  2.6. 

1392.  These  minerals  may  he  analyzed  by  the  following  process : 

Reduce  50  grains,  in  an  agate  or  steel  mortar,  to  a  very  fine  and  impal- amJ/vi^ 
pable  powder,  and  mix  it  with  thrice  its  weight  of  precipitated  carbon- 
ate of  baryta  ;  give  the  mixture  a  red  heat  for  an  hour  in  a  silver  cru- 
cible, wash  out  the  contents,  add  a  small  excess  of  muriatic  acid,  and 
evaporate  to  dryness  ;  boil  the  dry  residue  in  12  parts  of  water,  and 
filter  when  cold  ;  the  silica  will  remain  on  the  filter,  and  may  be  wash- 
ed, ignited,  and  weighed. 

The  filtered  liquor(a)  holds  the  muriates  of  baryta,  alumina,  iron,  and 
lithia  :  add  solution  of  sulphate  of  ammonia  as  long  as  it  occasions  a 
precipitate,  which  separate,  and  wash,  adding  the  washings  to  the  filter- 
ed liquor  (6)  ;  the  baryta  is  thus  removed  in  the  state  of  sulphate. 

To  the  filtered  solution  (6)  add  carbonate  of  ammonia,  to  throw 
down  the  alumina  and  iron,  which  collect,  and  wash,  adding  the  wash- 
ings, to  the  third  filtered  liquor  (c).  The  mixed  precipitate  of  alumi- 
na and  oxide  of  iron  may  be  digested  in  potassa,  which  takes  up  the 
former,  leaving  the  oxide  of  iron  to  be  collected,  washed,  ignited,  apd 
weighed. 

Evaporate  the  filtered  solution  (c)  to  dryness,  and  ignite  the  residu- 
um in  a  silver  crucible  ;  the  ammoniacal  salts  are  driven  off^  and  pure 
chloride  of  lithium  remains,  from  which  the  lithia  may  be  obtained  hy 
carbonate  of  silver,  as  above  stated  (607). 


Section  IV.     Cf  the  Combinations  of  Calcium. 

1393,  For  the  manufacture  of  mortar,  lime  should  be  entirely  firee 
from  carbonic  acid,  the  presence  of  which  is  ascertained  by  the  effer- 
vescence occasioned  on  adding  muriatic  acid  to  a  portion  of  the  lime 
slaked  in,  and  diffused  through,  water. 

1394.  To  ascertain  the  quantity  of  carbonic  acid  in  carbonate  ofamotHjof 
bme,  or  other  carbonate,  proceed  as  follows:  Provide  a  thin  light  *•*•■*••***' 
phial,  capable  of  holding  about  six  ounces,  with  a  mouth  of  half  an 

inch  diameter  :  pour  into  this  phial  one  ounce  of  nitric  acid,  diluted 
wi^  its  bulk  of  water,  taking  care  not  to  soil  the  neck ;  stop  it  with  a 
plag  of  cotton  wool,  and  counter-balance  the  whole  in  the  scale  of 
a  delicate  beam.  Having  now  weighed  off  100  grains  of  the  carbon- 
ate, place  a  hundred  grain  weight  in  the  scale  with  the  counterpoise, 
and  carefully  introduce  the  carbonate,  broken  into  pieces,  into  the 
acid  ;  stop  the  phial  loosely  wi^  the  wool,  and  suffer  the  carbonate  to 
dissolve  ;  during  this  operation  the  carbonic  acid  will  escape  through 
the  cotton  plug,  which  prevents  any  particles  of  liquid  being  thrown 
out  during  the  effervescence,  and  the  counterpoise  scale  will  prepon- 
derate in  consequence  of  the  loss  of  weight  sustained  by  the  carbonate 
from  the  evolution  of  ito  carbonic  acid.  When  the  solution  is  complete, 
open  the  phial,  and  blow  through  it  by  a  glass  tube,  so  ah  to  displace 
the  included  atmosphere  ;  replace  the  plug,  and  bring  the  balance  to 

3  A 
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an  eqnipoiM  by  adding  weights  to  the  scale  containing  the  phial,  which 
weights  will  show  the  quantity  of  carhonic  acid  lost  by  100  graiaB  of 
the  carbonate.  If  pure  carbonate  of  lime  be  employed,  the  lass  will 
amount  to  44  grains. 

1396.  We  will  suppose,  however,  that  a  limestone  has  been  ope- 
rated on  not  perfect^  soluble  in  the  acid,  and  containing  magnesia  aad 
alomina ;  the  other  steps  of  the  analysis  are  as  follow  : 

The  insoluble  portion  must  be  separated  by  decantation,  cdlected 
upon  a  filter,  washed  and  dried,  the  washings  being  added  to  the  origi- 
nal solution.     It  is  probably  sUica. 

The  solution  we  will  suppose  to  contain  lin^,  magnesia,  and  ainmi- 
Hja ;  to  separate  these  earths,  add  carbonate  of  potaasa  in  veiy  siigbt 
excess ;  boil  the  mixture,  coUect  and  wash  the  precipitate,  which  wiH 
consist  of  the  carbonates  of  lime  and  nuignesia,  and  idumina  ;  dij^st  it 
while  moist  in  solution  of  pure  potassa,  which  dissolves  out  the  aluni- 
na ;  pour  the  whole  upon  a  filter,  washii^  the  insoluble  portioD  and 
add  to  the  filtered  liquid  fwhich  is  the  alcaline  aolntion  of  aluouBa)  a 
slight  excess  of  oxahc  acid  ;  collect,  wash,  and  dry  the  precipitate,  at 
a  red  heat,  in  a  platinum  crucible,  and  weigh  it ;  it  is  pure  alomioa. 
The  separation  of  the  magnesia  and  lime  may  be  effected  by  ths  pro- 
cess above  described  (699). 

1396.  The  analysis  of  sulphate  of  lime  (633)  may  be  effected  bj  an 
alcaline  carbonate  as  follows  : 

Aniysii  of  Reduce  50  grains  of  the  sulphate  to  a  very  fine  powder,  and  boil  it 
•j5J»***'  for  half  an  hour  in  a  Florence  flask,  with  100  grains  of  carbonate  of 
soda,  dissolved  in  four  ounces  of  water  ;  the  lime  will  thus  be  con- 
verted into  carbonate,  which,  collected  upon  a  filter,  washed,  and  dried 
at  500^,  will  give  either  by  inference,  or  analysis,  the  proportion  of 
lime« 

The  filtered  solution  will  contain  the  sulphuric  acid  of  the  sulphate, 
the  quantity  of  which  may  be  learned  by  adding  muriate  of  baryta,  and 
digesting  the  precipitate  in  dilute  muriatic  acid,  to  remove  any  carbo- 
nate of  baryta ;  the  insoluble  residuum,  washed  and  duly  dried,  gives 
the  equivalent  of  the  sulphuric  acid. 

The  proportion  of  water  of  crystallization  in  the  sulphates  of  hme, 
may  be  arrived  at  by  exposing  100  parts  in  fine  powder,  to  a  red  heat ; 
the  kiat  indicates  the  quantity  of  water  |f«r  cenL. 

1397.  The  analysis  of  a  mixture  oi  carbonate  mi  pboaphate  of  liine 
may  be  performed  in  the  following  manner : 

Dissolve  in  dihite  nitric  acid,  and  add  pure  ammonia  to  the  sohi^m, 
which  causes  a  precipitate  of  phosphate  of  lime,,  equivafent,  whea 
dry,  to  thai  existing  in  the  original  mixture. 

Having  separated  the  phosphate  by  fihratioD,  add  carbonate  of  am- 
monia, whkh  throws  down  carbonate  of  lime  ;  collect,  wash,  and  dn 
it 

1398.  It  is  generally  supposed  that  the  quantity  of  acid  and  of  base 
in  phosphate  of  lime  may  be  learned  by  the  fbyowing  proce^  :  Dis- 
aohre  60  grains  of  the  phosphate  in  as  small  a  quantity  as  will  take  ii 
up  of  nitric  acid,  diluted  with  its  bulk  of  water :  to  this  solution  add 
oxalate  of  ammonia,  which  will  cause  a  precipitate  of  oxalate  of  lime, 
which  may  be  separated,  ignited  to  whiteness,  and  weighed  ;  it  gives 
the  pure  lime. 

Phosphate  of  ammonia  is  retained  in  the  solutioo,  which,  evaporat- 
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ed  to  drjoeesy  and  heated  red  hot  in  a  platiovm  cruciUe,  Cives  pute 
phosphoric  acid  :  or,  the  solution  may  b!e  decomposed  by  the  addition 
of  nitrate  of  lead ;  which  gives  an  insoluble  phosphate  of  lead,  of 
which  100  parts  itidicate  about  20  of  phosphoric  acid.  But  phosphate 
of  lime  is  only  partially  d^omposedby  oxalate,  of  amznoDia  and  mtrs^ 
of  lead.  Pii^faate  of  lime  boiled  with  carbonate  of  potassa,  gives 
rise  to  the  productioD  of  carbonate  of  lime  and  phosphate  of  potassa* 

1399.  No  accurate  analysis  has  hitherto  been  made  ofjiuor  tpar 
(646)  ;  and  we  are  ignorant  of  the  nature  of  the  colouring  principle 
of  the  blue  variety;  it 'fades  by  .exposure  to  light,  and  is  destroyed  by 
a  heat  below  redness. 

W^hen  100  grains. of  pure  and  colourless  fluor  spar,  previously  heat- 
ed red  hot,  are  boiled  to  dryness  in  a  silver  crucible,  with  200  of  sul*- 
puric  acid,  and  the  dry  mass  exposed  to  a  red  heat,  190  parte  of  dry 
sulphate  of  lime  are  obtained,  equivalent  to  about  78  of  hme.  If  we 
regard  fluor  spar  as  a  fluoride  of  ci^ckim,  the  78  of  lime  being  equi* 
valent  to  56  of  calcium,  would  giv«  the  composition  of  that  substance 

56  calcium 

44  fluorine 
and  56  :  44  : ;  20 :  15.7.    Upon  this  datum  the  number  16  has  been 
above  adopted  as  the  representative  of  fluorine. 

1400.  The  number  28.,  as  the  equivalent  of  lime,  is  that  given  by 
Dr.  Wollaston  in  his  valuable  observations  upon  the  synoptic  scale  oi 
chemical  equivalents,  and  regarding  it  as  containing  one  third  the  quan- 
tity of  oxygen  existing  in  the  proportion  of  sulphuric  acid  that  com** 
bine»  with  it  to  form  sulphate  of  lime,  the  number  20  may  be  regarded 
as  the  correct  equivalent  of  calcium. 


Section  V.     Of  the  Compounds  of  Barivm. 

1401.  Bt  dissolving  100  grains  of  tuUive  carbonate  of  baryta  (648), 
preyiously  dried  at  a  red  heat,  in  muriatic  acid,  with  the  precautions 
aboye-directed  (1393),  they  will  be  found  to  lose  22  grains  of  carbonic 
acid  y  hence  the  carbonate  consists  of 

Baryta ,  .  •    78  • 

Carbonic  acid .....    22 

If  we  now  precipitate  the  muriatic  solution  by  carbonate  of  ammo- 
nia, collect  the  precipitate  and  dry  it  at  a  dull  red  heat,  we  shpU  find 
it  to  weigh  100  grains,  showing  th^t  the  eomjposition  of  the  native  and 
artificial  carbonate  is  similar. 

If  we. precipitate  the  muriatic  solution  by  dilute  sulphuric  acid,  the 
precipitate  oi  sulphate  of  baryta  properly  dried  weif^  118  graiua, 
neoce  the  artificied  sulphate  is  con4M»ed  df 

Baryte 78        ^        66 

Sulphuric  acid    ...    40  34      - 

U^  100 
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100  gtmoa  of  carbonate  of  baryta  diflsolved  in  nitric  acid,  eyaporated 
to  dryness,  and  exposed  for  half  an  hour  to  a  red  heat,  gave  78  gnuni 
of  pure  baryta.  . 

1402.  These  results,  which  closely  agree  with  the  original  analyses 
of  Dr.  Withering  (Phil.  Trant.,  1784),  and  of  Klaproth,  {^nalyikal 
Ei8ay$y  i.)  furnish  the  number  78.  as  the  representative  of  baryta,  for 
in  respect  to  the  sulphate,  40  :  78  :  :  40  :  78.  The  number  78.  abo?t 
adopted  as  the  equivalent  of  baryta,  is  the  mean  of  thre^  ansdyses,  and 
probably  very  near  perfect  correctness.  Deducting  from  this  number 
one  third  of  the  weight  of  the  oxyjgeu  in  sulphuric  acid  =  8  gives  70 
as  the  theoretical  equivalent  of  barium. 

.1403.  The  only  compound  mineral  hitherto  discovered  contaioiog 
baryta,  is  the  harmotome  or  cross-stone ;  in  that  frokn  Andretibeqr, 
Klaproth  found 

Silica 49 

Alumina    ....." 16  .    . 

Baryta 16 

Water 15 

98 

The  analysis  of  this  compound  may  be  made  by  fosmg  it  in  fine  pow- 
der with  potassa,  solution  in  muriatic  acid,  and  evaporation  to  drpess ; 
pour  water  upon  the  dry  mass,  which  leaves  silica  ;  tothesoiationadd 
sulphate  of  ammonia,  which  throws  down  the  baryta  in  the  state  of  sul- 
phate ;  separate  it  by  a  fflter,  evaporate  the  filtered  liquor  to  .dryness, 
and  give  it  a  red  heat ;  re-dissolve  the  dry  residue  in  water,  and  add 
ammonia,  which  throws  down  alumina. 


Sbction  VI.    .Of  the  Compounds  of  Strontium- 

1404.  The  analysis  of  the  sulphate  and  carbonate  of  tlrofOtaiDaybe 
rfonned  in  the  same  way  as  that  of  the  correspondiiig  compounds  of 


perton 
baryta. 


1405.  Strontia  has  been  found  by  Mr.  Stromeyer  in  some  varieties 
of  orragoniie  (643),  and  where  it  exists  in  small  proportion  with  car- 
l>ottate..of  lime,  its  presence  is  not  easily  detected. 

1  dissolved  6  grains  of  carbonate  of  strontia  and  95  of  carbonate  of 
lime  innitnc  acid  ;  added  sulphate  of  ammonia  to  the  solution,  collected 
the  precipitate,  and  washed  it  with  repeated  affusions  of  hot  water ; 
wlien  dry,  it  weired  6.3  grains,  and  was  sulphate  of  strontia.  Ig^ted 
with  half  its  wei^t  of  charcoal,  and  digested  in  dilute  muriatic  acid,  it 
afforded  a  solution  of  muriate  of  strontia,  the  properties  of  which  are 
easily  distinguished  from  those  of  muriate  of  baryta  (669). 

1406.  The  number  44.0  as  the  equivalent  of  strontium,  and  52  as 
that  of  strontia,  are  deduced  from  the  analyses  of  the  sulphate  and  of 
tb«  carbonato. 
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Section  Vll.    Cf  the  Compounds  of  Magnesium. 

1407.  Wbev  100  parte  of  pure  crystaUized  nUphate  of  magnesia  are 
exposed  to  a  red  heat  for  one  hour,  they  lose,  upon  the  average  of  se- 
veral experiments,  b2per  cerU.  of  water  of  crystallization ;  the  residue 
k  perfectly  soluble  in  water,  and  consequently  no  acid  has  been  ex- 
pelled ;  if  to  Its  aqueous  solution  we  add  muriate  of  baryta,  and  col- 
lect and  dry  the  precipitate,  it  win  be  found  to  indicate  32.6  of  sulphu- 
ric acid  ;  hence  the  composition  of  the  crystallized  salt ;  and 

32.7  :  16.3  ::  40  :   19.9 

Hence  the  number  20.  adopted  as  the  representative  of  magnesia,  and 
12.  as  the  theoretical  equivalent  of  its  metallic  base. 

1408.  Besides  the  adulteration  of  sulphate  of  magnesia  with  sul- 
phate of  soda,  already  adverted  to,  the  salt  as  it  occurs  in  commerce  is 
often  deliquescent  from  the  presence  of  muriate  of  lime,  and  muriate 
of  noAg^esia :  the  presence  of  muriatic  acid  is  shown  by  sulphate  of 
silver ;  and  of  lime,  by  oxalate  of  ammonia,  or  by  bi-carbonate  of  am- 
moma,  which  does  not  throw  down  magnesia.  Sea  salt  is  not  unfr^- 
quently  found  in  considerable  proportion,  mixed  with  sulphate  of  mag- 
nesia, and  which  is  not  thus  rendered  deliquescent :  it  is  recognised  by 
its  salt  taste,  by  the  action  of  sulphate  of  silver,  and  by  pouring  sul- 
phtlric  acid  upon  ity  which  disengages  muriatic  vapours,  easily  known 
by  the  dense  white  fumes  occasioned  by  holding  a  stopper  moistened 
with  liquid  ammonia  above  the  salt. 

I  have  sometimes  found  amongst  Epsom  salt  a  very  considerable 
proportion  of  the  triple  sulphate  of  magnesia  and  potassa.  (687.)  It  is 
known  by  its  sparing  solubility,  and  by  the  rhomboidal  form  of  its 
crystals :  it  occasions  a  grittmess  in  the  mouth,  and  is  less  bitter  than 
sabpiiate  of  magnesia. 

1409.  Carbonate  of  magnesia  (693),  when  precipitated  iathe  usual 
way  and  dried  at  212*,  always  retains  a  portion  of  water,  which  it 
loses  by  exposure  to  a  red  heat  along  with  its  carbonic  acid ;  the  water 
thns  retained  varies  from  16  to  21  per  cent.  Lime  is  a  very  common 
impurity  both  in  carbonate  and  calcined  magnesia,  being  frequently  de- 
rived from  sulphate  of  lime  contained  in  the  water  used  for  edulcorat- 
ing the  precipitated  carbonate.  To  the  calcined  magnesia  it  gives  an 
acrid  alcaline  taste.  The  presence  of  lime  is  detected  by  dissolving  the 
nuigne«a  or  its  carbonate  in  muriatic  acid,  and  adding  solution  of  bi-car- 
bonate <>f  ammonia,  which  throws  down  carbonate  of  lime,  but  does  not 
affect  a  pure  magnesian  solatlop.  When  carbonate  of  lime  is  fraudu- 
lently added  to  cai^bonate  of  magnesia,  as  is  sometimes  the  case,  it  is 
detected  in  the  same  way. 

The  separation  of  lime  and  magnesia,  when  present  in  the  same  so- 
lation,  has  already  been  adverted  to  (699).  * 

1410.  The  analysis  of  mineral  substances  containing  magnesia  may  Aaai^iii  of 
in  some  cases  be  performed  in  the  humid  way  ;  but  where  the  stone^^*^ 
resists  ^e  action  of  acids,  fusion  with  alcaline  bodies  must  be  resorted 
ia.     As  instances  of  these  analyses,  the  reader  is  referred  to  Klaproth's 
e»9iination  of  the  chrysolite  and  of  oltvin,  ia  the  seventh  and  eighth 
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sections  of  the  first  volame  of  his  Analyiical  Eisayt.  The  folloinng 
instances  may  serve  further  to  illustrate  the  separation  of  magnesia  in 
cases  of  complex  chemical  analysis. 

A.  100  parts  of  red  and  green- veined  primitive  serpentine  were  ex- 
posed to  a  dull  red  heat  for  half  an  hour,  and  were  foupd  to  have  lost 
6  grains. 

B.  The  remaining  94  grains,  reduced  to  fine  powder,  wefe  digested 
in  muriatic  acid  diluted  with  two  parts  of  water,  and  when  it  no  loa^ 
acted  upon  the  residue  it  was  decanted  off,  the  residue  washed,  and  the 
washings  added  to  the  muriatic  solution.  The  undissolved  portion, 
when  dried  at  a  red  heat,  weighed  38  grains,  and  had  tlie  properties 
of  pure  sihca. 

c.  The  muriatic  solution  supersaturated  with  liquid  hi-carbonale  of 
ammonia  afforded  a  brown  precipitate,  which  was  collected,  washed, 
and  dried ;  it  weighed  25.5  grains,  and  was  ibupd  to  eootaki  no  alumiiM ; 
it  dissolved  entir^y  and  wi&  effervescence  in  nvari^tie  «cid,  tad  tliis 
solution  was  evaporated  to  dryness,  the  dry  residue  dissolved  in  ««ter, 
and  this  solution  precipitated  by  oxakte  eif  amasooia,  yielded  oiabte 
of  lime,  which  coUected  and  ignited  to  whiteness  afibtdod  13  ^aist  of 
pure  Uflie :  the  li4|aor  from  which  this  oxalic  precipitate  bad  Wea  oil- 
tained  left  ^ter  evaporation  and  ignition  2.5  graios  of  red  o^de  rf inm, 
equivalent  to  about  2.2  grains  of  the  black  oxide,  in  wUA  stale  tbe 
metal  probably  exisis  in  serpentine. 

D.  The  solution  from  which  the  precipitate  noticed  in  the  isit  pan- 
graph  had  been  separated,  was  next  evaporated  to  dryaess,  aadthe  resi- 
due exposed  to  a  red  heat  in  a  platinum  capsvde,  till  it  oesMd  to  lose 
weight ;  in  Ums  way  40  grains  of  magnesia  digWy  tii^ied  hy  as  iaap* 
preciable  portion  of  oxide  of  iron  were  obtained. 

E.  it  accordingly  appears  firoBd  the  above  snalyQS)  thsi  10^  ptfti  of 
precious  serpentine  contaifu 

A.  Water 6. 

B.  Silica 38. 

c.  liilie 13. 

Oxide  of  Iron ft.t 

p.  Magnesia 40. 

Loss ;8 

100 

Another  spedmen  of  terpentiBe,  from  the  Lisard,  laeX  T  fftm  sf 
water  by  heat ;  (a)  digested  in  muriatic  acid,  it  gave  4S.k  gytfm  ef  «- 
lica ;  {h)  the  muriatic  solution  was  saturated  witb  carb(ottat«  of  tflunt- 
nia,  fikered  and  evaporated  to  dryness ;  the  dry  residue,  after  hani| 
been  heated  red-hot,  gave  30.7  grains  of  magaesia ;  (c)  upoft  the  filler 
*u  ■  _,  .  .  ^    .  -     ^^  which  1 


there  remained  a  precipitate  of  a  brown  colow,  which  waa  dinalTst 
in  muriatic  acid ;  pure  ammonia  added  to  this  soluttos,  gave  a  prectp- 
tate  weighing  13  grains,  and  resolved  by  potasaa  into  tO  ff9ia$  of  pe* 
roxide  of  iron  =  9  protoxide,  and  3  grains  of  ahuuaa.  (if)  Thein- 
riatic  S(^ution,  after  the  separation  of  the  precifiitate  bj  puie  amBO- 
Qia,  gave,  on  adding  carbonate  of  ammoaia,  5*3  grains  of  carbon^  of 
hme  =  3  grains  of  base.  Thia  spednen,  thovefi^e,  ef  aerpentiDe, 
was  composed  of 
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Water 7.0 

a  Silica . 43.6 

h  Ms^esia.  • 30.7 

c  Oxide  of  Iron  .  . 9.0 

<  AJAAQina 3.0 

d  Lime 3.0 

96.2 

1411.  There  are  some  magnesian  stones,  such  for  instance  as  the 
chrysolite  and  the  olivin,  which  are  so  hard  as  to  resist  to  a  considerable 
extent  y  eyen  when  pulverized,  the  action  of  muriatic  acid  :  in  conducting 
their  analysis,  they  should  be  previously  fused  with  potassa.  If  alu- 
mina be  present,  it  may  be  thrown  down  from  the  muriatic  solution 
together  with  the  lime,  by  carbonate  of  ammonia,  and  afterwards  se- 
parated by  the  action  of  solution  of  potaasa. 


Section  VIII.    Of  (he  Compounds  of  Manganesf. 

1412.  The  grey  radiated  ore  of  manganese  (703),  when  digested  in 
fine  powder  in  muriatic  acid,  is  entirely  dissolved,  with  the  exception 
otf  a  s^all  but  variable  portion  of  silica,  not  exceeding  3  to  4  per  cent. 

The  solution  contains  manganese  with  a  small  quantity  of  iron, 
which  may  be  very  conveniendy  separated  by  the  action  of  anunonia, 
as  rec4>mmended  by  Mr.  Hatchett,  and  which,  if  added  so  as  to  satu^ 
rate  the  muriatic  acid,  throws  down  the  iron,  but  not  the  manganese. 

The  oxide  of  iron  may  be  separated  by  filtration,  and  ignited  with  a 
little  wax,  which,  when  burned  off,  leaves  protoxide  of  iron. 

The  filtered  solution  may  be  evaporated  to  dryness,  and  the  residue 
moistened  with  nitric  acid,  and  again  evaporated  and  ignited :  it  is  pe- 
roxide of  manganese,  the  state  probably  ia  which  the  metal  exists  in 
the  above  ore. 

1413.  Manganese,  as  has  been  shoirn  by  Mr.  Faraday,  (Q«aWer/y 
Jonmal^  vi.  367,)  readily  forms  triple  salts  with  ammonia,  and  as 
these  salts  are  not  affected  by  the  fixed  alcalis,  they  are  often  conve- 
niently formed  in  those  analytical  operations  the  object  of  which  is  to 
sepvate  manganese  from  other  inetals :  Upon  this  principle  he  pro- 
poses the  following  method  of  decomposing  a  mixed  salt  of  manganese 
and  iron.  To  a  mixed  solution  of  iron  and  manganese,  add  solution  of 
muriate^  sulphate » or  nitrate  of  ammonia,  and  then  pour  in  pure  potas- 
sa ;  the  iron  will  be  precipitated  immediately ;  but  the  mai^nese  will 
femaia  in  solution  as  a  triple  salt,  unaffected  by  the  free  alcalis. 

In  this  method  of  analysis  the  muriate  or  sulphate  of  ammonia  is 
preferable  to  the  nitrate,  because  .the  latter  may  in  some  cases  pro- 
duce peroxide  of  manganese,  which  would  be  precipitated ;  the  quan- 
tity ^  ammoniacal  sdt  added  should,  for  the  sake  of  security,  be 
about  twice  that  of  the  salt  of  manganese  in  solution,  and  as  protoxide 
of  iron  is  soluble  in  ammonia,  any  excess  of  that  alcali  should  be 
driven  off  by  heat,  to  ensure  a  total  precipitation. 
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1414.  The  black  oiide  of  manganese,  as  it  occurs  in  CQmmerce,  m 
very  often  adulterated  with  chalk,  which  is  detected  by  digesting  a 
given  weight  of  it  in  nitric  acid  diluted  with  10  parts  of  water ;  if  the 
oxide  be  pure,  the  acid  thus  diluted  is  without  any  immediate  action ; 
if  it  contain  carbonate  of  lime,^  an  instant  effervescence  ensues,  and  a 
nitrate  of  lime  is  formed,  which  may  afterwards  be  decomposed  by  car- 
bonate of  potassa,  and  the  weight  of  the  precipitate  when  dry  ahowi 
the  qumtity  of  the  carbonate  present. 


Sectioh  IX.     Cf  the  Compwndi  of  Iron, 

Amvf  ofifOD     1415.    The  assay  of  those  native  oxides  of  iron  whkb  are  the 
^'*'  sources  of  the  pure  metal,  may  be  performed  as  follows  :  reduce  te  ore 

to  a  very  fine  powder,  and  mix  it  with  its  wei^t  of  powdered  green- 
bottle  glass,  half  its  weight  of  chalk,  and  one  fourth  of  charcoti ;  ei- 
pose  this  mixture  to  the  full  heat  of  a  wind  furnace  for  aboot  an 
hour ;  suffer  the  crucible  to  cool  slowly,  and  on  breakup  it,  abottoB 
of  metal  will  be  found  at  the  bottom,  covered  by  the  other  matehik, 
fused  into  a  dense  slag.  If  the  ore  contain  any  nuxed  pyrites,  it  shoaUl 
be  previously  roasted  in  a  muffle  or  reverberatory  furnace. 

1416.  The  analysis  of  the  magnetic^  9peciUar^  and  kttmaiiiie  osides 
of  tfron  (725)  is  sufficiently  simple,  and  may  be  accomplished  in  the 
following  manner : 

a.  Reduce  the  ore  to  a  very  fine  powder,  and  mix  it  in  a  silver  cru- 
cible with  three  or  four  parts  of  liquid  potassa ;  evaporate  to  dryness, 
and  expose  the  residue  for  about  15  minutes  to  a  duU  red  heat  -,  ^hen 
cold,  reduce  it  to  powder  and  dissolve  in  muriatic  acid,  evaporate  near- 
ly to  dryness,  and  boil  the  residue  in  water  ;  the  silica  remabs,  and 
may  be  separated  by  filtration.  (6)  The  filtered  solution  of  permoriste 
of  iron  may  now"  be  evaporated  to  a  small  bulk,  and  deconpoied  by 
potassa,  which  added  in  excess  and  boiled  upon  the  precifHtite,  leaves 
peroxide  of  iron,  and  which  having  been  washed,  dried,  and  igoited 
with  wax,  is  restored  to  the  state  of  protoxide,  (c)  The  filtered  aikar 
line  liquor  now  retains  alumina,  if  any  were  present,  which  naj  be 
thrown  down  by  muriate  of  ammonia,  washed,  and  dried. 

It  sometimes  happens  that  manganese  is  present  in  the  mnmtic  so- 
lution 6,  and  that  it  is  thrown  down  with  the  oxide  of  iron  :  if  this  be 
the  case,  re-dissolve  the  precipitate,  afler  its  treatment  by  alcali,  b 
muriatic  acid,  and  neutralize  bv  ammonia,  which  throws  down  the  ox- 
ide of  iron,  but  retains  that  of  manganese  ;  then  proceed  as  directed 
in  paragraph  1405. 

1417.  OOoride  of  Iron  (727)  was  analyzed  as  foUows :  (a)  106 
grains  were  dissolved  in  water,  and  the  solution  decomposed  by  anuBO- 
nia  afforded  a  precipitate,  which  when  washed,  dried,  and  ignited  with 
wax,  was  black  oxide  of  iron,  weiring  56.5  grains,  and  equivalent  to 
44  grains  of  metallic  iron,  (h)  The  Stered  solution  from  which  the 
oxide  of  iron  had  been  separated  was  neutralized  by  nitric  acid ;  ni- 
trate of  silver  was  then  added,  and  the  precipitated  chloride  of  silver 
being  collected  and  ignited  weighed  227  grains,  which  is  equivalent  to 


C0MPODND9  OP  IRON.  353 

S6  grains  or  chlorine  ;    hence  it  appears  that  protochloride  of  iron 
consists  of 

44     iron 
56    chlorine 

100 

• 
By  a  similar  process,  the  perchloride  of  iron  may  also  be  analyzed. 
1418.  The  native  sulphuret  of  iron,  or  mogneltc  fnfrites  (737),  was 
examined  by  Mr.  Hatchett  in  the  following  way  {Phil.  Trans.,  1804  )  : 

A.  100  grains,  reduced  to  a  fine  powder,  were  digested  with  2 
ounces  of  muriatic  acid,  in  a  glass  matrass  placed  in  a  sand-bath.  A 
pale  yeilowish-green  solution  was  formed.  The  residuum  was  then 
agaia  digested  with  two  parts  of  muriatic  acid,  mixed  with  one  of  nitric 
acid  ;  and  a  quantity  of  pure  sulphur  was  obtained,  which,  being  dried, 
weighed  14  grains. 

B.  The  acid  in  which  the  residuum  had  been  digested,  was  added  to 
the  first  muriatic  solution ;  some  nitnc  acid  was  also  poured  in,  to  pro- 
mote the  ovidizement  of  Uie  iron,  and  thereby  to  facilitate  the  precipi- 
tation of  it  by  ammonia,  which  was  added  liter  the  liquor  had  been 
"boiled  for  a  considerable  time.  The  precipitate  thus  jobtained  was 
boiled  with  lixivium  of  potash ;  it  was  then  edulcorated,  dried,  made 
xed-hot  with  wax  in  a  covered  porcelain  crucible,  was  completely  taken 
«ip  by  a  magnet,  and,  being  weighed^  amounted  to  80  grains. 

c.  The  tixivium  of  potesh  was  examined  by  muriate  of  ammonia, 
l>nt  no  alumina  was  obtained. 

i>.  To  the  filtrated  liquor  from  which  the  iron  had  been  precipitated 
liy  ammonia,  muriate  of  barytes  was  added,  until  it  ceased  to  produce 
any  precipitate';  this  was  then  digested  with  some  very  dilute  muriatic 
acid,  was  collected,  washed,  and,  after  exposure  to  alow  red  heat  for 
a  few  minutes  in  a  crucible  of  platina,  weighed  155  grains.  If  there- 
ibre  the  quantity  of  sulphur,  converted  into  sulphuric  acid  by  the  pre- 
cedii^;  operations,  and  precipitated  by  barytes,  be  calculated  according 
to  the  accurate  experiments  of  Mr.  Chenevix,  these  166  grains  of  sul- 
phate  of  bar3rtes  will  denote,  nearly,  22.50  of  sulphur ;  so  that,  with 
the  addition  of  the  14  grain^  previously  obtained  in  substance,  the  to- 
td  qusmtity  will  amount  to  36.50. 

B.  Moreover,  frcmi  what  has  been  stated  it  appears,  that  the  ironr 
which  was  obtained  in  the  form  of  black  oxide,  weighed  80  grains : 
and,  by  adding  these  80  grains  to  the  36.60  of  sulphur^  an  increase  of 
wei^tis  found's=  16.50.  This  was  evidently  owing  to  the  oxidiz^tflent 
of  the  iron,  which,  in  the  magnetical  pyrites,  exists  quite^  or  very 
nestfly,  in  the  metallic  state,  but,  by  the  operations  of^ifi«  analysis, 
had  received  this  addition.  The  real  quantity  of  irw»  must,  on  this 
aecount,  be  estimated  at  63.50. 

100  grains,  therefore,  of  the  magnetical  pyrites,  yielded, 

Sulphur  ^^'  ll[^i  36.50 grains. 
Iron  r.     =       63.50 
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The  Other  Taritdes  of  pyrites  were  analyzed  precisely  in  the  same 

way.  ^  .  _      , 

HI  9.  100  parts  of  erystaUizedpnaonUphaie  of  tron  were  analyzed 
as  follows,  in  the  laboratory  of  the  Royal  Institution,  (a)  The  salt 
was  reduced  to  powder,  and  dissolyed  in  a  small  quantity  of  mtric  add ; 
the  solution  was  diluted,  supersaturated  by  ammonia,  and  filtered.  In 
this  way  the  iron  was  separated  in  the  state  of  peroxide,  amouotiDg  t« 
«  C6.5  grains,  equiralent  to  26.6  of  protoxide  of  iron,  {h)  The  filtered 
station,  now  perfectly  free  from  iron,  but  containing  excess  of  anrnwiua, 
was  neutralized  by  nitrtc  acid,  and  nitrate  of  baryta  was  added  tJlit 
ceased  to  form  a  precipitate.  The  sulphate  of  baryta  thrown  dowa 
was  dried  at  a  red  heat  and  weighed  86  giuins,  indicating  2&7  of  sul- 
phuric add :  hence  it  appears  thai  100  ffdkm  of  crystaUised  prolosiil* 
phate  of  iron  contain 

26.6  protoxide  of  iron 

28.7  sd^hnracadd 

54.2 

The  loss»  amounting  to  46.8,  is  to  be  altributed  to  water  of  eqsiaUi* 
zation,  for  100  grains  of  the  crystals  heated  to  dutt  redness  forafwr* 
ter  of  an  hour  lose  about  46  jwr  c$ni. ;  hence  the  salt  consistsof 
^  64.2  dry  sulphate  of  iron 

45.8  water  of  crystalhoation 

100. 

The  data  upon  which  the  composition  of  oxides  of  iron  k  ftonded, 
are  giren  in  paragraph  724. 

1420.  The  analysis  otpho^halt  of  iron  may  be  performed  as  thalof 
phosphate  of  copper,  which  is  giren  in  Section  855. 

1421.  The  analysis  of  the  difierent  kinda  of  iron  produced  bytba 
manufacturer  is  attended  with  many  difficulties»  and  has  hitherto  odIj 
been  partially  performed ;  on  this  subject  some  useful  and.iiitsisrfi>g 
details  will  be  found  in  Hr.  Daniera  paper  ^'  Oa  the  mechamcail  struc- 
ture of  iron,  4^c." — Qworlsr^  Journal  of  Science  and  Arts^  ii.  27E. 

1422.  WooU  or  bidian  9Uel  was.  exami«)cd  in  the  laboratoCT  •(  ^ 
Royal  Institution  b^  Mr.  Faraday,  as  fidlows^  witfi  a  vievr  to  detect  it& 
CompooeatB*  exdosive  of  carbon  and  irom 

A  piece  oif  wootz,  we^;hin||^  164.3  grains,  was  {rfaced-  in  a  flask,  sad 
acted  on  by  nitro-nmriatic  acid  and  heat.  It  graduallyr  disaofared,  aad 
daik-coloured  flakes,  separated  from. it,  which  were  nnakejrable  in 
the  aciA,  though  boiled  with  it*  When  dD  action  had  ceased,  the  sola- 
tion  was  pc^nred  ofi*  from  the  sediment  (a)  which  was  repeatedly  waih* 
ed  with  distilltd  water  *,  the  solution  was  then  examined  carefully,  but 
I  could  find  nothing  in  it  but  iron.  Whilst  washiog  the  sediment  (a)  it 
separated  into  two  paru ;  a  Uack  powder  (6)  sankto  the  bottom  of  the 
water  poured  upon  it  whilst  a  reddish  brown  substance  (c)  in  floatili 
remained  suspended ;  these  were  parted  frtmi  each  other. 

The  black  powder  (5)  was  fused  with  potash  in  a  silver  capsule,  and 
then  dissolved  in  water ;  it  deposited  a  brown  powder  (<i),  and  a  ckar 
alcahne  solution  was  obtained.  Tbn  was  saturated  with  muriatic  acid> 
and  evaporated  to  dryuess^  and  then  being  re-dissolved  with  a  little  es- 
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ceM  of  mariatic  acid,  a  vety  smaU  q^astity  of  white  flocevli  w^e  left 
antOQched,  which  were  insoluble  in  acids,  and  had  the  characters  of 
•ilex.  The  aokition  acted  on  by  subcsorboiiflile  of  potash  give  an  abun- 
dant prect]^tate.  This  was  washed,  and  when  heated  willi  a  litde  sola- 
tion  of  potash,  dissolyed  in  H  like  ^wmine.  SoljplMiric  acid  was  th«i 
added,  and  a  solation  of  alcnn  was  obtained,  a  small  qnanlity  of  silet 
preoipitntii^. 

The  brown  powder  (d)  deposited  by  the  akaline  selotion,  was  treat- 
ed with  nkrie  acid ;  a  htde  heat  being  applied,  nearij  the  whole  was 
dissolved  immediateiy ,  leaving  a  little  of  a  Mack  substance.  The  filter- 
ed solution  gave  a  precipitate  with  muriate  of  soda,  but  when  ammonia 
was  added  to  it,  the  precipitate  was  re-dissolved,  and  a  small  quantity 
of  iron  was  thrown  down.  The  solution  contained,  therefore,  nher^ 
from  the  capsule  in  which  the  fusion  had  been  made,  and  iron  derived 
from  the  wootz.  The  black  substance  left  by  the  nitric  acid,  was  nearly 
aU  dissolved,  by  nitro-muriatic  acid,  iron  being  taken  into  solution,  and 
a  little  of  the  substance  (b)  remaining. 

The  redish  brown  substance  {c)  was  not  affected  by  nitric  acid,  but, 
on  adding  solution  of  pure  potash  to  it,  a  clear  deep  brown  solution 
was  obtained,  and  a  blackish  brown  sediment  (e)  remained.  When 
the  idcali  of  the  solution  was  neutralized  by  muriatic  acid,  flocculi, 
were  precipitaled,  ^nd  the  solution  became  colourless.  These  ^occuli 
collected  together  and  dried,  proved  to  be  combustible,  and  appeared 
to  be  merely  modified  tannin.  The  brown  sediment  (e)  being  then 
examined  by  muriatic  acid,  gave  oxide  of  iron  and  a  little  ^ex. — 
Quarterly  Journal  of  Setenci  emd  Art$y  vii«  £88. 


Sbctioh  X.    Of  (he  Omipwmix  of  Zinc. 

142S.  The  mode  of  ascertaining  the  composition  of  the  oxide  of 
zinc  has  been  ei^lained  above,  (78*7) ;  it  is  only  necessary  to  guard 
against  the  impurities  of  common  zinc,  which  are  chiefly  iron,  lead, 
and  copper ;  the  former  is  taken  up  by  dilute  sulphuric  acid,  and  tiie 
two  latter  metals  resist  its  action,  and  remam  in  the  form  of  a  black 
powder.  Add  to  the  sulphuric  solution  excess  of  ammonia,  and  Bjpflj 
a  gentle  heat ;  th^  oxide  of  iron  will  fidl,  and  upon  the  addition  of 
caibonate  of  potassa  to  the  ammoniacal  solution  and  boiling  it,  the  pure 
oxide  of  zinc  will  be  thrown  down.  ^ 

14S4.  The  oxide  of  tine  of  the  Pharmaeopcna  is  sometimes  disco- 
lourvd  By  a  little  iron  ;  adulterated  with*  chalk,  or  plaster  of  Paris  ;  or 
contaminated  by  lead  and  arsenic.  The  presence  of  iron  is  shown  by 
its  Bolution  in  dilute  nitric  acid,  neutralized  by  anmionia,  becoming 
black  with  tincture  of  galls ;  chadk  occasions  an  effervescence  on  add- 
ing the  acid  ;  gypsum  is  dissolved  by  boiling  water,  and  detected  by 
oxalate  of  ammonia  and  muriate  of  baryta.  White  arsenic  is  found 
by  digesting  in  acetic  acid,  and  adding  solution  of  sulphuretted  hydro- 
gen, which  occasions  a  yellow  precipitate,  in  which  arsenic  19  recog- 
nised by  its  smell  when  ignited  on  charcoal ;  and  lead  is  shown  by  a 
black  precipitate  on  adding  sulphuretted  hydrogen  to  the  acetic  solu- 
tion. 


d5B 
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14«&  Jnafy^  cfCUoride  «/  Zfuc.— 100  grains  of  chloride  of  suae, 
obtained  by  beating  the  muriate  in  a  glass  tube  to  redneas,  and  we^d 
while  hot,  to  prevent  error  from  deliquescenco^  were  diasoUed  in  water, 
and  left  4  grains  of  oxide  of  zinc  ;  accordingly  104  grains  of  the  saoM 
l^Uoride  were  dissolved,  filtered,  and  decomposed  by  nitrate  of  silver, 
and  the  precipitate,  washed,  collected,  and  dryed  at  a  red  heat,  weigb- 
ed  203  grains,  equal  to  50.4  of  chlorine.  The  solution  from  which 
the  chloride  was  precipitated  contained  nitrate  of  zbc,  with  a  litde 
nitrate  of  silver ;  muriate  of  ammonia  was  added  to  throw  down  the 
silver,  in  the  state  of  chloride,  which  was  separated  upon  a  filter,  aad 
the  clear  liquor,  evaporated  to  dryness,  and  ignited,  afforded  62  graiu 
of  oxide  of  zinc,  equivalent  to  49.6  graina  of  metal ;  hence  100grai« 
of  chloride  of  zinc  gave 

60.6  chlorine 
49.6  zinc 

100.  % 

1426.  Analyns  of  Stdphvret  of  ZiiM!.— A  specimen  of  yellowWcnde 
was  analyzed  as  follows  by  Dr.  Thomson.— ^nnoi*  of  Pkilowpks/n.  94. 

tt.  60  grains,  in  fine  powder,  were  digested  for  two  days  in  dilute 
nitric  acid  ;  thejwhole  was  then  thrown  upon  a  filter,  and  the  undifiioly- 
ed  residue,  washed  and  dried  at  1 10«,  weighed  26  grains. 

6.  These  26  grains  were  put  upon  a  watch-glais  and  heated  by  a 
lamp  ;  they  burned  like  sulphur,  and  left  a  residue  of  2fL4gmoB ;  .the 
3.6  grains  of  loss  were  considered  as  sulphur. 

c.  The  22.4  grains  residue,  which  had  now  assumed  the  appearance 
of  the  original  blende,  were  again  digested  for  two  days  with  dilate  ni- 
tric acid  :  tbe  second  day,  as  ail  action  was  over,  and  the  whole  nearly 
dissolved,  the  flask  was  exposed  for  some  hours  to  a  heat  of  130^  *,  the 
whole  was  then  thrown  upon  a  filter,  and  the  updissolved  portioD, 
washed  and  dried,  weighed  0.64  grains. 

d^  This  small  residue  was  burned  as  before,  by  which  it  lost  sulphur 
amounting  to  0. 16  grains,  and  0.38  grains  of  residue  remained. 

e.  This  0.38  grains  had  the  appearance  of  small  particles  of  qaaitT) 
and  weighed  0.38  grains. 

/.  The  two  portions  of  acid  liquid,  which  had  been  digested  (m  the 
ore,  and  which  contained  the  greatest  part  of  it  in  solution,  were  mix* 
ed  together,  and  almost  but  not  (|uite,  saturated  with  carbonate  of  soda. 
A  considerable  excess  of  caustic  ammonia  was  then  poured  in.  Bj 
this  alcali  the  oxide  of  iron  was  thrown  down  in  yellowish  red  fiocks» 
while  the  whole  of  the  zinc  was  held  in  solution.  The  oxide  of  iitm 
being  separated  by  the  filter*  washed,  dried,  and  heated  to  redness, 
weighed  8.6  grains.  Now  this  is  equivalent  to  6.98  grains  of  metaUic 
iron. 

g.  The  residua]  liquor  waa  now  boiled  in  a  glass  retort  down  to  half 
its  bulk,  in  order  to  drive  off  the  ammonia,  and  precipitate  tbe  oxide 
of  zinc.  About  one  half  of  that  oxide  precipitates  after  a  few  minutes^ 
boiling,  but  it  requires  considerable  concentration  before  the  other  half 
fells  down.  From  this  circumstance  it  is  not  improbable  that  ammoua 
and  oxide  of  zinc  unite  in  two  proportions. 

The  oxide  of  zinc  thus  obtained  being  wasljed,  dried,  ajid  heated  <• 
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MdneM,  Trei^^d  36.4  giaiaa.  This  is  equivalent  to  29.dS  grains  of 
metallic  ziDC.  It  may  be  proper  to  mention  that  the  oxide  of  zinc 
thus  obtained^was  not  quite  white,  bnt  had  a  slight  tinge  of  green.  I 
conceived  that  this  might  be  owing  to  the  presence  of  copper,  but  if 
this  metal  was  actually  present,  it  was  in  too  minute  a  quantity  to  be 
detected  by  the  usual  tests. 

k.  The  liquid  thus  freed  from  iron  and  zinc,  was  mixed  with  nitiic 
acid,  till  it  acquired  a  perceptibly  sour  taste.  This  was  done  to  pre- 
vent any  inaccuracy  from  the  presence  of  ammonia,  if  any  should  still 
remain  in  the  tiquid.  A  solution  of  muriate  of  barytes  was  then  mix- 
ed with  it  The  sulphate  of  barytes  which  precipitated,  being  wash- 
ed, dried,  and  heated  to  redness,  weighed  77.6 1 6  grains.  Now  77.6 1 6 
grains  of  sulphate  of  barytes  contain  26.4  grains  of  sulphuric  acid,  or 
10.56  grains  of  sulphur.  From  the  preceding  analysis  it  appears  that 
blende  is  composed  of  the  following  ingredients  : 

Zinc 29.32 58.64 

Sulphur   ....  14,32 28.64 

Iron 5.98 11.96 

Qjuartz.  ....  0.38 0.76 


50.00  100.00 

1427.  I  adopted  the  following  process  in  the  analysis  of  the  crystal' 
iized  black  blende  of  Derbyshire  : 

a.  100  grains  carefully  separated  from  iis  siliceous  matrix,  were 
reduced  to  a  fine  powder,  and  dried  at  600^.  The  loss  of  weight 
indicates  water. 

6.  Upon  the  dried  and  powd^ed  ore  put  into  a  Florence  flask,  I 
poured  2  ounces  of  nitro-muriatic  acid,  consisting  of  two  of  nitric  and 
one  of  muriatic  acid,  in  small  successive  portions,  taking  care  to  mode- 
rate the  effervescence,  and  when  this  had  subsided,  a  sulphureous 
magma  floated  upon  the  acid  :  the  flask  was  placed  in  a  sand  heat,  and 
with  one  additional  ounce  of  nitro-muriatic  acid,  was  digested  until 
nearly  the  whole  of  the  sulphur  had  disappeared,  being  converted  into 
sulphuric  acid.  The  whole  contents  of  the  flask  were  then  poured 
into  a  conical  glass,  to  allow  a  portion  of  undissolved  matter  to  sub- 
side, which  was  separated  by  decantation,  9fid.  proved  to  be  silica, 
mizfed  with  a  little  pure  sulphur,  the  quantity  of  which  was  determined 
by  burning  it  ofl*,  and  ascertaining  the  loss  of  weight. 

e.  The  decanted  acid  liquor  was  now  evaporated  considerably,  so 
as  to  dissipate  a  portion  of  its  excess  of  acid,  and  the  residue  divided 
into  two  equal  portions,  a  and  b.  To  a,  considerably  diluted  with  wa» 
ter,  I  added  nitrate  of  baryta,  and  the  precipitate  being  collected,  washed, 
and  diied  at  a  red  heat,  was  pure  sulphate  of  baryta^  and  was  used  as 
ihe  equivalent  of  the  sulphur  in  the  ore. 

^  Carbonate  of  soda  was'  added  to  the  portion  b,  which  threw  down 
every  thing,  and  the  precipitate  composed  of  the  carbonate  of  zinc 
and  peroxide  of  iron  was  digested  in  liquid  ammonia,  which  took  up 
the  carbonate  of  zinc,  leaving  the  oxide  of  iron  undissolved. 

e.  The  alcalme  solution  of  zinc  was  decomposed  by  the  addition  of 
muriatic  acid  in  slight  excess,  and  to  the  acid  muriate  oi  potassa  a  little 
carbonate  of  soda  was  added  to  ensure  the  entire  separation  of  the  zinc ; 
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the  tisc  precipitate  was  now  washed,  dried,  and  igniied  to  redttoe  it  to 
the  state  of  pure  oxide  of  zinc. 

/.  Tbis  ore  contained  neither  copper  nor  arsenic,  which  are  soite* 
times  present  in  it. 

141^8.  Anaiym  ^  CaUtmitu  (782).— -Mr.  Smithsov  {PhU.  IVnit., 
1803.)  was  the  first  to  show  that  there  are  two  distinct  varieties  of  ca- 
lamine  ;  the  one  a  true  carbonate  of  zinc,  and  the  other  a  oompoond 
of  onde  of  zinc  and  silica. 

A  specimen  of  crystsdlized  calanune  from  Dertrfsfaire  afforded  in  tte 
100  parts 

Sitica 0.8 

Oxide  of  iron 1.6 

Oxide  of  zinc 6&0 

Carbonic  acid 32.7 


100. 


The  above  ore  w^  digested  in  dilute  muriatic  acid,  in  wiaeb  it 
slowly  dissolved  with  efferrescence,  with  the  exception  of  0.8  grans 
of  silica.  The  solution  was  evaporated  to  drvneas,  and  the  dry  resi- 
due redissolved  perfectly  in  water,  leaving  no  nirther  portion  of  silica. 
To  this  aqueous  solution  caustic  ammonia  was  added  in  excess,  so  ts 
to  re-dissolve  the  oxide  of  zinc  at  first  thrown  down,  and  ^e  whole 
thrown  upon  a  filter,  on  which  there  remained  1.5  grains  of  oxide  of 
iron.  The  ammoniacal  solution  was  supersataraled  bj  moriatic  acid, 
and  carbonate  of  ammonia  was  added  to  throw  down  the  whole  of  the 
zinc,  which  precipitate,  being  dried  and  ignited,  weired  65  grains. 
The  filtered  solution  was  evaparated  to  dryneas,  and  the  residue  b^ng 
heated  in  a  platinum  capsule,  antirelv  eviqporated,  and  was  mftrely 
muriate  of  ammonia.  The  loss  therefore  o£  32.7  ports  in  Oie  bundrsi 
may  be  regarded  as  carbonic  acid. 

1429.  A  specimen  of  electric  cBiamUie  in  small  acicalar  ciyslriisiw 
forded,  by  digestion  in  nitric  acid,  a  residue  ot  38.5  per-ceat.  sSca, 
which  being  separated  by  a  filter,  the  ffltrated  liqniMr  evaporated  It 
diynesfl,  and  the  drv  mass,  ignited  for  a  quarter  m  an  hour,  give  60 
per  cent,  of  oxide  of  zinc.  Tht  loss  may  be  regarded  w  wslter,  for 
the  calamine  lost  upon  ignition  2  per  cent,  in  wei^rt. 

1430.  Aeeay  of  Zinc  Oree. — ^To  ascertain  the  vdoe  of  a  asflfie  a( 
zinc  ore,  two  methods  may  be  resorted  to.  1 .  Pick  out  the  imperito 
and  weigh  off  1000  grains  of  the  picked  ore  ;  give  it  a  doll  red  heit 
in  a  muffle,  taking  care  not  to  fiise  it:  mix  the  roaaled  ore  with  hslf 
its  weight  of  lamp-black,  put  it  into  a  small  coated  g^aas  ret<^  with  its 
neck  drawn  to  a  very  small  aperture,  and  gjlve  it  a  red  lieal  for  one 
hour ;  cool  it  gradually,  and  the  zinc  will  be  found  in  drops  In  its  seek. 
2.  Prepare  and  roast  the  ore  as  before,  and  stratify  it  in  a  cmdUe 
with  its  weight  of  clippings  of  sheet  copper  ;  lute  a  cover  on  ^e  era- 
cible,  and  give  it  a  dull  white  heat  for  an  houn  When  cold,  throw 
the  contents  into  water,  by  which  the  brass  may  be  separated  firom  the 
other  matter,  and  its  increase  of  weight  compared  with  the  origui^ 
copper  fives  the  addition  of  zinc.  In  this  process,  howerer,  a  portios 
of  zinc  IS  always  lost. 
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Section  XL    Of  the  Compoundn  of  Tin. 

1431.  The  native  <mde  of  Tin  (792)  or  tin^sUme,  in  consequence  of 
Its  mechanical  aggregation,  u  almost  insoluble  in  the  acids,  hut  it  is  ren- 
dered soluble  bj  fusion  with  potassa,  as  Klaproth  first  remarked. 
{AncUffiiecd  Etsays^  i.  522.)  The  following  is  the  process  given  by  that 
excellent  analyst,  ^d  from  the  relative  proportion  of  the  tin  to  the 
oxygen,  it  appears  that  the  metal  exists  in  this  ore  in  the  state  of  per- 
oxide. 

a,  100  grains  of  tin-stone,  from  Cornwall,  previously  ground  to  a 
subtile  powder,  were  mixed  in  a  silver  vessel  with  a  lixivium  contain- 
ing 600  grains  of  caustic  potash ;  this  mixture  was  evaporated  to  dry* 
ness,  and  ignited  for  half  an  hour  f  when  the  mass  thus  obtained  had 
been  softened  with  boiling  water,  ii  left  on  the  fiUer  11  grains  of  an 
undissolved  residue* 

6.  These  1 1  grains  s^n  ignited  with  six  times  their  weight  of  caus- 
tic potash,  and  dissolved  in  Irailing  water,  left  now  only  1 .25  grains  of  a 
fine  yeHowiah-|rey  powder  behind. 

c.  The  alcaline  solution  (a  and  6)  was  saturated  with  muriatic  acid, 
and  oxide  of  tin  was  thrown  down ;  tins  precipitate  re-dissolved  by  an 
additional  quantity  of  muriatic  acid  was  precipitated  afresh  by  means  of 
carbonate  of  soda ;  when  lixiviated  and  dried  in  a  gentle  heat,  it  ac  v 
quired  the  &nn  of  bright  yellowish  transparent  lumps. 

d.  Thia  precipitate  being  finely  powdered,  entirely  dissolved  in 
mvriatic  acid,,  assisted  by  a  gentle  heat.  Into  the  cdourless  solution, 
previously  diluted  with  from  two  to  three  parts  of  water  I  put  a  stick  of 
zinc,  and  the  tin  thus  reduced  gathered  aronnd  it  in  delicate  dendritic 
UminsB  of  a  metallic  lustre ;  ^ese,  when  collected,  washed,  dried, 
and  Coaed  under  a  cover  of  taUow,  in  a  capsule  placed  upon  chiurcoal, 
jieULei  a  button  of  pure  tin  weighing  77  grains. 

c  The  above-mentioned  residue  of  1.25  grains,  left  by  the  treat- 
ment with  caustic  potash  (&),  afibrded  wi^  muriatic  acid  a  ydlowish 
solution,  from  which,  by  means  of  a  little  piece  of  zinc  introduced  into 
•it,  0*5  grain  of  tin  was  still  deposited;  Prussian  alcidt  added  to  the 
r^maiPder  of  the  solution,  produced  a  small  portion  of  a  light  blae 
precipitate,  of  which,  after  subtracting  the  oxide  of  tin  now  combined 
witk  it,  hardly  }  of  a^;rain  remained,  to  be  put  to  the  account  of  the 
ixon  contained  in  the  tm-stone,  here  examined* 

In  these  experiments  (excepting  only  a  slight  indication  of  nUx 
amouittiiigr  to  about  }  of  a  grain),  no  tra€e^  has  appeared,  cither  of 
tangitic  Qxide»  which  some  minonuogists  have  supposed  to  be  one  of 
the  constituent  partsof  tin-stone,  nor  of  any  other  fixed  jnibstance. 
Tlierefi>re,  what  is  deficient  in:  the  sum,  to  oiake  up  the  original  weight 
of  the  fiissil  analyzed,  must  be  ascribed  to  the  lose  of  axygen ;  and 
tlms  the  constituent  parts  of  this  ore  are  to  each  other  in  the  following 
proportion: 

Tin 77*60 

Iron 0.26 

Silez  *«..;..«  2  .      0.75 

Oxygen 21.50 

IQO. 
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1432.  Dr.  Davy  {Phil.  Trans.,  1812.)  in  his  analyses  of  the  CWo- 
rides  of  Tin  (794,  796.)  separated  the  metal  by  the  iminersion  of  a 
plate  of  zinc  ;  from  67.5  grains  of  chloride  of  tin  he  thus  procured 
42.  of  metallic  tin,  whence  inferring  the  proportion  of  chlorine  from 
the  loss  of  weight,  he  concludes  that  this  chloride  is  composed  of 

62.22    tin 
37.78    chlorine 

In  consequence  of-  the  Tolatility  of  the  perchloride  of  <t»,  it  is  verj 
difficult  to  weigh  it  with  perfect  accuracy  ;  it  was  therefore  poured  inte 
a  bottle  half-full  of  water,  the  weight  of  which  was  previously  ascer- 
tained, and  its  quantity  inferred  by  the  increase  of  weight-  The  wa- 
ter was  rendered  slightly  acid  by  muriatic  acid,  and  81.75  grains  of  the 
perchloride  gave  by  the  immersion  of  zinc  34  grains  of  tin :  heace  100 
of  the  perchloride  may  be  regarded  as  consisting  of 

42.1  tin 
57.9  chlorine 

The  quantity  of  chlorine  in  the  chloride  of  tin  cannot  be  ascertained 
by  nitrate  of  silver,  in  consequence  of  the  reduction  of  a  portion  of  the 
silver;  but  having  thrown  down  the  zinc,  the  dissolved  chloride  of 
zinc  may  be  decomposed  by  nitrate  of  silver,  and  thus  the  quantity  of 
chlorine  originally  united  to  the  tin  may  be  ascertained. 

1433.  The  following  is  Klaproth's  analysis  of  the  Cupreous  Sulphu- 
ret  of  IVfi,  called  tin  pyriteiy  or  bell-metal  ore,  from  St  Agpea  in  Corn- 
wall. 

a.  120  grains  of  finelv  triturated  tin-pyrites  were  treated  with  an 
aqua  regia,  composed  of  one  ounce  of  muriatic  and  \  ounce  of  mtric 
^cid.  WiUiin  twenty-four  hours  the  greatest  part  of  the  metallic  por* 
tion  was  dissolved  without  heat,  while  the  sulphur  floated  on  the  sur- 
face ;  after  the  mixture  had  been  digested  for  some  time  in  a  sand-heat, 
I  dilated  it  with  water,  and  filtered ;  it  left  43  grains  of  sulpbar,  still 
mixed  with  metallic  particles ;  when  the  sulphur  had  been  gen^  burnt 
off  on  a  test,  there  still  remained  13  grains  ;  of  which  eight  were  ^s- 
tolred  by  nitro-muriatic  acid:  the  remaining  part  was  then  i^iited 
with  a  little  wax ;  upon  which  the  magnet  attracted  one  graia  c{  it. 
What  remained  was  part  of  the  siliceous  matrix,  and  weighed  three 
grains. 

Ik  The  solution  of  the  inetallic  portion  (o)  was  combined  with  car- 
bonate of  potash ;  and  the  dirty-green  precipitate  thus  obtained  wai 
re-dissolved  in  muriatic  acid  diluted  with  three  parts  of  water ;  into 
this  fluid  a  cylinder  of  pure  metallic  tin  weighing  217  grains  was  iffi* 
mersed :  the  result  was  that  the  portion  of  copper  contained  in  the  so- 
lution deposited  itself  on  the  cylinder  of  tin,  at  the  same  time  thaltk 
fluid  began  to  lose  its  green  colour,  from  the  bottom  upwards,  until. 
after  the  complete  precipitation  of  the  copper  in  the  regnline  state,  it 
became  quite  colourless. 

c.  The  copper  thus  obtained  weighed  44  grains ;  by  digestion  m 
nitric  acid  it  dissolved,  and  left  one  grain  of  tin  behind  in  the  character 
of  a  white  oxide  ;  thus  the  portion  of  pure  copper  consisted  of  43  gnm- 

d.  The  cylinder  of  tin  employed  to  precipitate  the  copper  now 
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ireighed  Ifti  graiiii,  do  that  89  gjnka  of  it  had  entered  ibto  th<  mnria* 
tic  sohitioii ;  from  this,  by  means  of  a  cylinder  of  zinc,  I  re-prodnccd 
the  whole  of  its  dissolTed  tin,  which  was  loosely  deposited  on  the  zinc 
in  a  tender  dendritical  form.  Upon  being  assured  that  all  the  tin  had 
been  precipitated,  I  collected  it  ^carefiilly,  lixiviated  it  cleanly,  and  suf-^ 
fered  it  to  dry ;  it  weighed  ISO  grains.  I  made  it  to  melt  into  grains^ 
having  previously  miz^  it  with  tallow,  under  a  cover  of  charcoal-dust, 
in  a  small  crucible,  which  done,  1  separated  the  powder  of  the  coal  bv 
elatriation ;  among  the  washed  grains  of  tin,  I  observed  some  black 
particles  of  iron,  which  were  attracted  by  the  magnet,  and  wiei^ed 
one  grain ;  deducting  this,  there  remain  129  grains  for  the  weight  of 
the  tin ;  by  subtracting  again  from  these  last,  those  89  gndns,  which 
proceeded  from  the  cylinder  of  tin  employed  for  the  precipitation  of 
the  copper  (6),  there  remained  40  grains  for  the  portion  of  tin  contain* 
ed  in  the  tin  pyrites  examined.  Hence,  including  that  one  grain  of  tin 
which  had  been  separated  from  the  solution  of  the  copper  (c),  the  por- 
tion of  pure  tin  contained  in  this  ore  amounts  to  41  grains. 

The  editetM  or  substances  extracted  in  this  process  from  tin  pyritea 
were  coase^ently 

Sulphur 30  grains 

Tin 41 

Copper  ..<...• 43 

Iron 2 

Vein-stone  or  gangue 3 

119 
Which  makes,  in  a  hundred  parts, 

Sulphur 2B 

Tin 34 

Copper  ..'.... 36 

Iron 2 

97 

1434.  jftfoy  of  Tin  Ores.—l(  the  ore  cqnlfuin  arsenic,  it  should  b^ 
powdered,  mixed  with  a  little  charcoal,  and  roasted  till  vapours  no  long- 
er rise.  The  residue  mixed  with  a  little  pitch  and  sawdust,  is  tp  be 
pat  into  a  covered  crucible,  and  exposed  in  a  wind-furnace  to  a  bright 
red  heat  for  hadf  an  hour ;  when  cool,  break  the  crucible,  and  the  but- 
ton of  metallic  tin  will  be  found  at  the  bottom,  which  may  be  cleaned 
by  gentle  hammering  and  a  wire  brushy  and  weighed.  The  richcist 
#res  afiord  about  70  per  cerU..  of  metals 


SxcTiOR  XII.    Of  the  Compounds  of  Cadmiums 

14^.  Wb  are  eg  yet  too  little  acquainted  with  the  states  of  combi* 
■ation  in  which  cadmium  exists  in  its  ores,  and  with  the  properties  of 
the  metal  itself,  to  lay  down  precise  rules  for  their  analysis^ 

Mr.  Strmeyer  directs  the  digestion  of  the  nitod  oxide  of  zine  asd 

3  C 
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J  ia  M»])>lMurk  add,  and  p«8te«g  tlm>Bgb  the  acy^ 
a  ciarff6»t  of  salphitfattea  b^ogen  gaa :  re-disaolve  the  preeipkaiie  in 
BMinatic  acid,  evaporale  te  dr  jsess,  dissolve  the  residue  in  w«tor,  »d 
yrecipitale  by  cavboaate  oi  aiiiinoiiia»  ef  whtch  add  ^cesa  to  ce-4u- 
S9llme  aside  of  ^9C,  mi  ef  copper  shouU  any  he  present;  caibowte 
of  oadnanm  reaiaina* 

Accovdiig  to  Sttevieyer ,  100  parts  of  cadaiiMa»  when  coBverted  into 
oside^  absorb  14^^  of  oi^rgeB,  md 

14.5d  :  100  ::  8  :  65.7& 

S^  that,  epoA  this  dalffffl*  the  niraiber  5&a  nuQr  be  asswBod  as  Ae 
eqaiydent  of  eadnioni ;  a  niunher  widely  ditfereal  from  that  prea 
aiboT«,  819»  and  6%a  wUI  he  the  representatiFe  ef  oxide  of  cadBMim. 

1436.  The  foUowinf  are  SltooMiyer's  analysea  of  the  nitiale^  sn^ 
phate,  and  cavbonate  of  cadimnaa. — GitannT's  Janolon,  h^.  t 

w;«.k>4a     $»  *^^       ^^^  *^*^ 
P(iiraie,.^jj^^g^  oxide  of  cadmium. 


TOO        sulphuric  acid 
161. 1     oxide  of  cadmium 


Sulphate .  < 

r.*iw>...#^  S  ^^        carbonic  acid 
i^aroonate  ^  ^g^^     ^^^  ^^  cadmium 

Now  if  we  dednce  the  number  for  the  oxide  fromrthe  mean  (rf* these 
experiments,  it  will  be  about  64. 1,  which  gires  56  as  the  equivalent  of 
the  metal. 

Upon  the  same  authority,  the  cUoride,  iodide,  andsnipharetofGad- 
minm  may  each  l>e  regarded  as  composed  of  onepn^rtional  of  each 
of  their  components. 

1437.  TheJV»<ra<e^CculmttfmisawhitepriamadcdehqueaceiilaaH 
composed  of 

1  proportional  oxide  ......    64 

1    '  acid 64 

4  ■  water,  9  X  4  cs    36 

154 

1438.  Sulphate  of  Cadmium  forms  !ai|;e  prismatic  crystals,  much 
resembling  tiiose  of  sulphate  of  zinc ;  very  sohihle  and  effloreaeent. 
undergoing  no  change  at  a  low  red  heat,  but  losing  acid  when  heated  to 
a  bri|^t  red.    It  consists  of 

1  proportional  oxide  ••••»..•    64 

1  — — ^—  acid 40 

4     '  water,  9X4  =  ..     36 

140 

1439.  CarhonaU  of  Caimiwn  is  a  white. insolnble  powder  easily  de- 
composed at  a  red  heat    It  consists  of 

1  proportional  oxide 64 

1  ■  ■     acid  •..,..    « 

S6 
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SscTioii  Xlil.    Qf  ^  Gw^wfifi^f  ^  Copptr. 

1440.  T«fi  mediod  €f  ^eternuBiog  fhe  cofliiK>M*tion  ^  the  Qmbs  of 
Copper  is  described  in  paragraph  827. 

1444.  CUoride  rf  Copper  (829)  was  thus  anriyiBed  by  Dr.  DsivT. — 
Phil.  Tram.;  1812.  p.  172  : 

a.  80  grains  were  dissolved  in  nitro-mariatic  acid,  and  a  plate  of  iron 
was  inmierBed,  upon  which  copper  was  precipitated,  weighing,  when 
well  washed  and  perfectly  dry,  61.2  grains.  V 

6.  The  same  quantity  of  the  chloride,  dissolved  in  nitric  acid,  and 
precipitated  by  nitrate  of  silver,  afforded  117.5  grains  of  dry  chloride 
of  silver. 

c.  Since  chloride  of  silver  contains  24.5  per  cent  of  chlorine,  80 
grains  of  chloride  of  copper  mast  contain  51.2  grains  of  copper,  (a.) 
and  28.8  of  chlorine,  and  100  will  consist  of  36  chlorine  +  64  cop- 
per. 

The  Perchloride  of  Capper  may  be  analyzed  exactly  in  the  same  way. 

1442.  The  Native  Black  SiUphuret  of  Copper  (844),  or  Vitreous 
Copper  Ore  J  should  consist  in  theory  of 

80  copper 
20  sulphur 

100 

In  the  Showing  analjrsts  of  this  ore  by  Elaproth  {Esiaysy  i.  542), 
there  is  a  close  approach  to  these  nnntbers ;  he  probably  lost  a  little 
sulphur  by  acidification,  which  might  have  been  estimated  1^  nitrate  of 
baryta. 

a.  Upon  200  grains  of  the  ore,  coarsely  powdered,  modersAely 
strong  nitric  acid  was  affuaed,  which  attacked  »id  dissolved  them  with 
frofliing  and  extrication  of  red  vapours.  The  solution  was  clear,  and 
the  sulphur  alone  in  the  ore  was  left  behind,  floating  in  the  6uid,  in 
grey  loose  flocculi,  without  any  other  residue,  which  indicated  ttmt  nO 
antimony  was  present.  The  sulphur  collected  on  the  filter  was  heated 
in  a  small  crucible  to  inflammation,  and  it  burned  with  its  peculiar 
odour,  without  any  trace  of  arsenic  ;  yet  leaving  a  slight  portion  of 
oxided  iron  and  siliceous  earth.  ^ 

6.  The  solution,  which  had  a  pure  blue  colour,  was  treated  first  with 
muriate  and  then  with  sulphate  of  soda,  but  these  produced  no  altera* 
tion,  by  which  it  appears  that  this  ore  contain^  neither  silver  nor  lead. 

a.  200  grains  of  the  powdered  ore  were  heated  with  muriatic  acid ; 
as  this  alone  manifested  no  action,  |  added  nitric  acid  by  drops,  which 
exerted  a  strong  attack.  When  the  solution  of  the  ore  had  been  a(i- 
complished,  I  separated  the  fluid  from  the  sulphur  floating  on  the  sur^ 
face,  and  digested  this  last  with  a  fresh  quantity  of  muriatic  acid,  drop* 
ping  into  it  some  nitric  acid ;  after  which  I  collected  it  upon  the  filter. 
This  sulphur,  washed  and  desiccated,  weighed  38^  grains,  out  of 
which  after  its  combustion  t|  grain  of  siliceous  earth  remained ;  so 
that  the  true  amount  of  sulphur  was  37  grains. 

6.  The  solution  exhibits  a  glass-green  colour.  I  divided  it  into  two 
parts.  '  Into  one  half  polished  iron  was^  iounersed,  upon  which  the 


3^4|  4KALT8ia  OF  Tltfe 

eepper  precipitated.  It  weired  ^^  gruBS  when  washed,  and  desic- 
cated* 

c.  In  order  to  ascertain  the  proportion  of  iron  contained  in  the  ore* 
1  combined  tiie  other  half  of  the  solution  with  caustic  ammoniac  added 
tp  excess.  The  iron  remained  behind^  in  the  form  of  brown  oxide, 
which,  collected  on  the  filter,  desiccated  and  ignited,  weighed  three 
grains.  But  as  the  iron  is  coptained  in  the  mixture  of  the  ore  in  the 
reguline  metallic  state,  these  3  grains  give  2|  of  metalhc  iron  to  be 
^ded  in  the  computation. 

Therefore  ope  hundred  parts  of  the  Siberian  vitreous  copper  ore 
consist  of 

Popper,  h 78.5Q 

Iron,  c 2.25 

Sulphur,  a 18.60 

Silex,  a 0.75 

100. 

The  same  method  of  analysis  applies  to  the  other  s^lphurets  ntco^ 
per  or  copper  pyrites. 

1443.  The  Ferro-ar^Mtcal  Sulphurei  of  Copper,  (844),  was  aaaljz- 
nd  as  follows  by  Mr.  R.  Phillips.— QwaWerfy  Journal  of  Seienu  wd 
Artty  vii.  100. 

a.  Having  ascertained  that  the  constituents  of  this  ore  are  copper, 
iron,  arsenic,  and  sulphur,  I  boiled  100  grains  of  it  reduced  to  powder 
f n  nitric  acid,  until  the  whole  of  the  metallic  matter  lyipearsd  to  be 
dissolved.  14  grains  remained  unacted  upon  by  the  acid ;  of  ttoe  a 
large  portipn  was  evidently  pure  sulphur ;  by  heat  9  grains  were  vo- 
latUized,  and  5  remained,  which  were  merely  silica  that  had  been  me- 
chanically mixed  with  the  ore. 

h.  The  nitric  solution  was  decomposed  by  potash,  and  ^^.^^^ 
with  excess  of  it,  peroxide  of  copper  and  iron  were  precipitated 
.  together.  This  mixed  precipitate  was  washed  until  it  ceased  to  be  al- 
c^ne,  and  was  then  dissolyed  in  nitric  acid.  To  the  solution  aaiooDia 
In  excess  was  added  ;  by  this,  peroxide  of  iron  was  precipitated,  and 
the  peroxide  of  copper  held  in  solution ;  the  former  being  sepa- 
rated, washed,  and  ignited,  weighed  13.3  grains,  equivalent  to  9.26  of 
iron. 

c.  The  ammoniacal  solution  of  copper  was  heated,  and  when  Ibe 
greater  part  of  the  ammonia  was  expelled,  potash  was  added  to  the  so- 
lution ;  and,  by  continuing  the  heat,  peroxide  of  copper  was  precipitat- 
ed, which  being  washed  and  ignited,  weighed  56.6  grains,  equivalent 
to  45.32  of  copper. 

d.  The  alcaline  solution  pbtained  ii^  c,  and  the  water  employed  to 
wash  the  mixed  precipitate  of  oxi^e  of  copper  and  iron,  were  evapo- 
rated together,  and  then  saturated  with  nitric  acid.  This  solution  con- 
tained the  sulphur  and  arsenic  converted  into  acids,  and  combined  with 
potash.  Nitrate  of  barytes  being  added,  sulphate  was  precipitated, 
which^  being  washed  apd  ignited,  weighed  126  grains,  equal,  accoro- 
ing  to  Dr.  WoUaston's  scale,  to  17.14  of  sulphur,  which,  added  to  3, 
before  obtained,  =  26.14.  After  this  an  accident  happened  to  the  so- 
luticn,  which  prevented  the  Fpparatiqn  of  the  arsenic  acid  j  iberefbre, 
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«.  160  gnoas  of  the  ore  were  itgain  treated  with  nitric  acid ;  witk 
the  silica  1 1  grains  of  sulphur  were  obtained,  and  the  nitric  solution 
was  decomposed  by  excess  of  potash  as  before,  in  order  to  separate 
the  oxide  of  copper  and  iron. 

/.  The  alcaline  solution  being  saturated  with  nitric  acid,  nitrate  of 
harytes  was  added  to  it,  as  long  as  precipitation  took  place.  The  pre-* 
cipitated  sulphate  of  barytes  being  washed  and  ignited,  weighed  150 
gndiis,  =s  20.4  sulphur,  which  added  to  11,  separated  without  acidify* 
iogy  =='31.4  ;  the  mean  quantity  of  this  and  the  first  experiment  being 
28.74. 

g.  To  the  solution  from  which  the  sulphuric  acid  had  been  separat- 
ed by  nitrate  of  barytes,  nitrate  of  lead  was  added  as  long  as  arseni- 
ate  of  lead  was  thrown  down  ;  and  this,  when  washed  and  ignited, 
weighed  53  grains. 

According  to  Dr.  Thomson,  21.25  of  arseniate  of  lead  contain  7.5  of 
arsenic  acid,  equivalent  to  4.75  of  arsenic  ;  if  then,  21.25  give  4.75 ; 
53  of  arseniate  of  lead  will  indicate  11.84  of  arsenic.  It  appears 
if  om  these  experiments,  that  this  ore  consists  of  nearly 

Silica 5. 

Iron 9.26 

Copper 45.32 

Sulphur 28.74 

Arsenic • «  .  11.84 


100.16 


In  performing  this  analysis,  some  circumstances  occurred  which  I 
think  worthy  of  notice.  In  a  preliminary  experiment,  I  endeavoured 
to  separate  the  cojpper  from  the  iron  by  means  of  ammonia,  without 
previoosly  separating  the  arsenic  acid  ;  this  I  found  impracticable,  for 
it  appeared  that  the  arseniate  of  iron,  at  first  precipitated,  was  even* 
taally  dissolved  by  the  ammonia.  In  some  treatises  on  chemistry,  the 
arseniate  of  barytes  is  described  as  an  insoluble  salt :  this,  as  may  be 
deduced  from  what  I  have  stated,  is  not  the  case.  I  first  tried  it  by 
pouring  a  solution  of  arseniate  of  potash  into  one  of  nitrate  of  ba« 
rytes  ;  no  precipitation  occurred,  but,  upon  standing  some  days,  very 
delicate  feathery  crystals  of  arseniate  of  barytes  were  formed,  which 
exhibited  the  prismatic  colours  with  a  splendour  eqtial  to  that  of  the 
noble  opal.  I  have  since  attempted,  but  without  success,  to  reproduce 
the  salt  having  this  appearance*^. 

1444.  Jiaiive  Phosphate  of  Copper  was  analyzed  by  Klaproth  nearly 
as  follows :  The  ore  was  digested  in  nitric  acid,  by  which  it  was  en- 
tirely dissolved,  with  the  exception  of  a  remnant  of  isilica.  The  ni- 
tric solution  was  divided  into  two  parts ;  the  phosphoric  acid  was  pre- 
cipitated from  one,  in  the  state  of  phosphate  of  lead,  by  adding  acetate 
of  lead ;  and  from  the  weight  of  the  phosphate  of  lead,  the  quantity  of 
phoaphonc  acid  was  calcukted.     The  other  half  of  the  solution  was 


»  lo  pangraph  1031,  it  is  stated,  that  when  neutral  anMsniate  of  notassa  is  added  to  mirat« 
of  baryta  ao  insoluble  arseniate  of  baryta  is  thrown  down,  but  if  the  binarwjniate  of  potassa 
riOSS)  be  used,  the  appearances  are  as  abowKlescribed  by  Mr.  Phillips,  uiricsa  the  SohitioiiS 
be  very  conceotmied,  in  wfaicb  caae  arseniate  of  baiyta  is  presently  diroarBdofrn« 


acted  uf6a  hy  iroa  to  ikiww  damn  the  oepper.    He  ooidoM  fiem 
these  ezperineiitB  that  the  ore  contained 

68.13  oxide  of  copper 

30.95  phosphoric  acid 

99.08 

It  does  tmt  faoweirer  seem  clear  whether  the  nattre  i^oephate  o/ 
copper  ifl  a  aobphosphate  of  the  penndde,  or  a  nentrd  pho^hate  of 
the  protoxide ;  that  is,  whether  it  consists  of  80  peroxide  +  28  phos- 
phoric acid ;  or  of  72  protoxide  +  28  phosphoric  acid,  these  com* 
pounds  requiring  further  investigation. 

1445.  J^tUivt  Carbonates  of  G^pper^'-^These,  as  well  as  the  artifi- 
cial carbonates  have  been  analyzed  oy  Mr.  R.  Phillips  {^uarteHy  Jeur- 
nal  cf  Seiince  and  Arts^  iv.  274),  and  the  results  are  giren  alwre, 
(857y  4^c.)    The  following  is  the  process  which  he  employed  : 

200  grains  of  green  carbonate  of  copper  heated  to  redness  in  afla- 
iiBum  crucible,  became  perfecdy  black,  and  lost  55.6  grains. 

I  put  some  nitric  acid  into  a  small  phial,  the  stopper  of  whkk  bad 
been  perforated,  and  a  glass  tube  passed  throng  it,  to  suffer  the  escape 
of  the  carbonic  acid  gas  ;  the  weight  of  the  pMal  and  acid  being  taken, 
1  gradually  put  into  it  200  grains  of  green  carbonate  of  copper  iasnu^ 
fragments.  When  Uie  solution  wae  complete,  1  found  that  37  grains  of 
canonic  acid  had  been  erolred.  If  then  from  200  we  subtract  55.6, 
the  loss  by  heat,  we  have  144.4  as  the  quantity  of  peroxide  of  cop* 
per ;  and  if  from  55.6  we  take  37,  the  carbonic  acid,  there  remain  1 8.6 
as  the  proportiota  of  water  dissipated  by  heat*  100  parts  of  green  car- 
bonate of  copper  consist  therefore  of 

Perolide  of  Copper 72.2 

Carbonic  acid  • 18.5 

Water    • 9.3 

100.0 

On  examinii^  the  solution  I  (bund  it  to  be  pure  nitrate  of  co^r. 

1 446.  The  following  comparative  results  will  show  how  near  in  this 
instance  experiment  agrees  with  theory,  if  we  regard  the  green  carbo- 
nate of  copper,  or  maladUu^  as  consisting  of  1  proportional  of  perox- 
ide of  copper,  1  of  carbonic  acid,  and  1  of  water ;  or  as  an  hydrated 
subcarbonate. 

Vsuqoelia. 

Peroxide  of  copper  ...  70.10 
Carbonic  acid    ......  21.35 

Water 8.65 


Phillipfl. 

Tfawxy. 

72.2 

72.01 

18.5 

19.82 

9.3 

8.17 

100.00       100.0       100.00 

1447.  Aisay  of  Copper  Ores, — ^When  the  ores  contain  sulphur  aod 
lOaenic,  they  are  toasted  till  fumes  no  longer  arise,  or  reduced  to  pow- 
der and  deflagrated  with  nitre.  The  residue  is  mixed  with,  black  flox 
{1012),  and  exposed  for  one  hour  to  a  bright  red  heat  in  a  wind-fot- 
■ace,  when  a  button  of  copper  is  formed  at  die  bottom  of  the  cruci- 
ble, the  purity  of  which  may  be  judged  of  by  its  appeaxance  sad 
malleability. 


eornvKATmsn  or  &sao.  567 

Hi*  oxMet  tnd  carboaites  of  copper  are  redticed  by  shhple  foBiOA 
inHk  Mack  flmc,  care  being  taken  to  raise  ihe  heat  aiifficieitfly. 


SacTxav  XIV.    O^  (^  ComUMiumt  of  JUatl. 

1448.  LsAp.  eoDfltitutes  a  component  part  of  aerenl  canplex  ores* 
the  analysea  of  which  are  descnbed  in  ihe  sections  on  aotunony  and 
silver. 

1449.  OaUaa  or  Sulphur^  oj  Lead  (BBS)  may  be  analyzed  by  th^ 
action  of  dilate  nitric  acid,  which  dissolves  the  lead  and  separates  tlus 
sulphur:  the  lead  may  be  precipitated  by  sulphate  of  soda;  lOO^aiai 
of  the  sulphate  of  lead  thus  thrown  down,  alter  having  been  dned  al 
a  dull  red  heat*  are  equivalent  to  69  of  lead. 

1450  Vauquelia  analyzed  a  galena  from  Cologne,  as  foUows.  (Jomn* 
nal  des  Jifinex,  No.  68.)  It  was  heated  with  very  dilute  nitric  acid  ; 
the  undissolved  resudue,  consisting  of  sU&ca  and  sulphur,,  was  heated 
to  redness,  by  which  the  latter  was  dissipated,  and  pure  silica  remain* 
ed.  The  nitric  solution  was  decomposed  by  sulphate  of  soda,  and  the 
sulphate  of  lead  collected,  dried,  and  weighed,  to  estimate  the  propor* 
tion  of  metal.  The  remaining  Uquor  being  saturated  by  ammonia^ 
gare  a  precipitate  of  oxide  of  iron ;  and  lastly,  carbonate  of  ammonia 
threw  down  carbonate  of  lime. 

1461 .  A  native  SulphiU^  c/*  Lead  from  Ang^ea  (889)  was  thus  ana«> 
tyzed  bv  Klapro^ :  100  grains  moderately  heated  lost  S  of  water  s  tha 
remainder  was  fiised  in  a  platinum  cruciUe  with  four  parts  of  carbon- 
ate of  potassa,  which  gave  a  yellow  hard  mass  partly  soluble  in  water ; 
Hie  hiseluble  residue  when  dry  was  72  grains  of  oxide  of  lead ;  it  was 
dissolved  in  nitric  acid,  and  this  solution  g^ve,  when  decomposed  by 
Che  iauBersten  of  a  rod  of  zinc,  66.8  grains  of  metallic  lead^.  The 
alcalioe  solution  from  the  crucible  war  saturated  with  nitric  acid,  and 
acetate  of  baryta  added  as  long  as  it  occasioned  a  precipitate,  which 
we^^ied  when  quite  dry  73  grains,  equal  to  25  of  sulphuric  acid> 
Hence  it  appears  that  this  ore  contains 

^5  **^'  • {  =  72  oiideof  lea4 

O.0  oxygen  »......) 

26  sulphitic  acid 


I^oss,  consisting  of  1  gr.  ] 
of  oxide  of  iron,  and  2 1 
of  wrter ! 


97 


100. 


t45S.  Mneot  IW«a<«  of  lead  fS96)  was  also  examiaed  by  IDa* 
protti ;  it  i»  »  ^tinctive  character  of  this  compound,  that  when  (used 
into  a  g^bi^  before  the  blow-pipe,  it  assumes,  as  it  cools,  a  dodeca^ 
drai  form.  100  grains  of  green  prismatic  phosphate  of  lead  dissohred 
entirely  in  nitric  acid.    NitcaHe  of  silver  gave  a  precipitate  of  It 


^  AlTALrSBS  OF  9H8 

grains  of  cUoride  =  2.7  of  chlorine.  Sulphuric  acid  added  to  the 
warm  solution  gave  106  of  sulphate  of  lead  =  78.4  of  oxide  of  lead : 
the  liquor  was  then  freed  from  excess  of  sulphuric  acid  by  nitrate  of 
banrta,  and  after  having  been  nearly  saturated  by  ammonia,  acetate  of 
lead  was  added  ;  the  phosphate  of  lead  thus  precipitated  weired  82 
grains  =  18.37  of  phosphoric  acid  f  more  correctly  16.6).  In  the  re- 
siduary solution  was  found  a  trace  ot  iron. 

1463.  Native  Carbonate  of  Lead  (898)  may  be  thus  an^ed. 
Reduce  the  ore  to  powder  and  introduce  100  grains  into  a  snmcieot 

Quantity  of  nitric  acid  diluted  with  about  two  parts  of  water ;  an  ef- 
^rvescence  ensues,  and  the  carbonic  acid  may  be  estimated  by  loas  of 
weight ;  it  amounted  to  16  grains.  Filter  the  nitric  solution,  .and  if 
there  be  any  insoluble  residue,  it  is  probably  silica  ;  to  the  filtered  li- 
quor add  sulphate  of  soda,  which  throws  down  sulphate  of  lead, 
whence  the  oxide  may  be  deduced  ;  or  immerse  a  plate  of  noc  into 
the  nitric  solution,  which  throws  down  metallic  lead  :  in  Klaproth's  an- 
alysis he  thus  obtained  77  of  metal  equivalent  to  82.6  oxide ;  whence 
h  appears  that  the  native  carbonate  contains 

16.    carbonic  acid 
82.6  oxide  of  lead 

98.6 

These  numbers  almost  exactly  agree  with  the  theoretical  composition 
of  the  carbonate  of  lead  ;  the  loss  amounti|ig  to  1.6  may  probably  be 
considered  as  0.6  carbonic  acid  and  1.  water. 

1464.  The  Murio-Carbonate  of  Lead^  or  Native  Muriate  of  Lead 
(877),  as  it  is  generally  called,  was  analyzed  as  folkms,  by  Mr.  Chene- 
vix.  (Nicholson's  Journal^  4to.  iv.)  100  grains,  d&SMlved  in  mtric 
acid,  lost  6  of  carbonic  acid  ;  the  nitric  solution  was  neutrdixed  by 
ammonia,  and  the  absence  of  arsenic,  phosphoric,  and  sulphuric  aci& 
proved  li^  tests.  Nitrate  of  silver  was  then  added,  which  %oxmeA  a 
copious  precipitate,  weighing  when  dry  48  grains,  equivalent,  aocoid- 
ing  to  Mr.  Chenevix,  to  8  of  muriatic  acid ;  he  ctmcludes  thst  the  6 
grains  of  carbonic  acid  saturated  34  of  oxide  of  lead,  and  tiiat  8  of 
fiduriatic  acid  saturated  61  of  oxide  of  lead  ;  and  therefore,  thtl  the 
ore  consists  of  69  muriate  of  lead  and  40  carbonate  of  lead. 

Klaproth's  analysis  agrees  afanost  exactly  with  that  of  Mr.  Chene- 
vix, and  they  give  the  following  view  of  the  compositioii  of  this  ore, 
but  there  is  probably  some  considerable  error  in  the  estimate  of  the 
muriatic  acid,  and  a  new  analysis  is  highly  desirable. 

Oxide  of  lead 86.5 

Carbonic  acid 6. 

Muriatic  acid 8.6 

100.0 

1455.  In  the  aasay  of  lead  ores  l>y  fire,  a  considerable  loss  is  ofiea 
iustained  by  the  volatilization  of  the  oxide  of  lead,  and  by  its  action 
upon  the  cniciblet  so  that  the  operation  is  best  performed  by  haand 
analysis ;  the  ore  may  be  digested  in  dilute  nitric  acid,  and  to  the  solu- 
tion, when  filtered,  sulphate  of  soda  may  be  added,  widch  wiU  thron 


8VLPHUAST8  OF  ANTIKONIT.  ^ 

iovm  sulphate  of  lead ;  the  latter,  wheo  washed  and  dried  at  a  red 
heat  contains  ahout  68  ptr  cent,  of  the  metal. 


Section  XV.    Of  ike  Ckmhinati<ms  of  Antinumy. 

1456.  There  are  three  proper  ores  of  antimony,  Native  AfUimony 
(905),  J^ative  Oxide  of  Antimony  f  912),  and  the  Native  Stdphuret  (905). 

1457.  Native  antimony  from  Andreasberg  was  examined  as  follows 
by  Klaproth  {Etsays^  ii.  1 36.)  1 00  grains  in  powder  were  heated  with 
nitric  acid,  the  mixture  dilated  with  water  and  filtered  ;  mnriatic  acid, 
added  to  the  filtered  liquor,  gave  a  precipitate  of  chloride  ==  1  grain  of 
metallic  silver ;  and  the  residual  hquor  gave  oxide  of  iron  =  .25  grain 
of  metaUic  iron.  The  oxide  of  antimony  upon  the  filter  was  perfectly 
soluble  in  muriatic  acid  ;  a  piece  of  zinc,  immersed  in  this  muriatic 
solution,  gave  9S  grains  of  metallic  antimony ;  hence  the  components 
are  Antimony 98. 

Silver 1. 

Iron 0.25 


^  99.25 

1 458.  The  Native  Oxide,  or  white  ore  of  Antimony  from  Pritzbram, 
ia  Bohemia,  was  also  analyzed  by  Klaproth ;  he  ibund  it  a  perfectly 
pure  oxide,  but  did  not  ascertain  the  relative  proportions  of  its  compo* 
nent  parts.  According  to  Vauquelin,  it  contains  silica  and  a  little  oxide 
of  iron. — ^Hauv,  iv.  274. 

1459.  The  following  is  the  analysis  of  an  iridescent  sulphuret  of 
antimony,  in  acicular  crystals,  from  Hungary. 

a.  100  grains  digested  in  two  parts  of  nitric  acid  and  one  of  water 
afforded  a  portion  of  sulphur,  wluch,  having  been  carefully  separated 
from  the  adhering  oxide,  burned  entirely  away.    It  weighed  17.5  grains. 

6s  The  insoluble  oxide  collected  and  washed,  was  re-dissolved  in 
muriatic  acid,  and  zinc  immersed  into  the  solution,  by  which  74  grains 
•f  metallic  antimony  were  thrown  down. 

c.  The  nitric  solution  being  evaporated  to  one-fourth,  let  fall  a  por- 
tion of  white  powder,  which,  treated  as  6,  gave  2  grains  of  antimony. 

d.  The  solution  c  appearing  now  to  be  free  from  antimony,  was  di- 
luted and  divided  into  two  equal  portions,  a  and  b.  Muriate  of  baryta, 
added  to  ▲,  gave  a  precipitate  of  sulphate  of  baryta,  weighing  22.5' 
grains,  =  about  3  grains  of  sulphur,  or  6  in  100. 

e«  The  portion  b  tested  by  muriate  of  soda  gave  no  indication  of  sil- 
ver ;  supersaturated  with  ammonia,  it  let  &11  1.5  grains  of  peroxide  of 
iron,  to  about  1  grain  of  iron. 

/•  The  results  of  this  analysis,  therefore,  are 

Sulphur.... |5;*2;^«"J     23.5  grs. 
Antimony  •  •  •  j  J*  ^J]    ^*  \     76.0 


Iron 


101.5 


3D 
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.  The  tmall  increase  of  weight  I  refer  to  zinc  adhering  to  the  antunoaj. 

1460.  The  red  ore  ofAfUimany^  firom  Braunsdorff  in  Saxony,  was  an- 
aljzed  hy  Klaproth ;  he  digested  it  in  mnriatic  acid,  and  threw  down 
the  antimony  by  water  and  potassa ;  the  precipitate,  after  a  second  so- 
lution and  precipitation,  was  re-dissolved  in  muriatic  acid,  and  decom- 
posed by  a  piece  of  polished  iron,  which  caused  the  separation  of  67.5 
grains  of  metallic  antimony.  The  sulphur  he  estimates  at  19.70  per 
ceni.^  and  attributes  the  loss  of  weight  to  oxygen  combined  with  the 
antimony ;  he  thereifore  regards  the  ore  as  a  siSphuretted  oxide  of  an- 
timony, containing 

Antimony  •  •  • €7.50 

Oxygen ' 10.80 

Sulphur 19.70 

98. 

1461.  The  following  is  Mr.  Hatchett's  instmctiTe  analysis  of  Sour- 
nonitey  or  the  triple  iulphuret  of  Lead,  Antimony  ^  and  Co^ppcr: 

A.  200  grains  of  the  ore,  reduced  to  a  fine  powder,  were  pot  into  a 
^ass  matrass,  and,  two  ounces  of  muriatic  acid  beii^  added,  the  t«sc1 
was  placed  in  a  sand-bath.  As  this  acid,  even  when  heated,  scarcely 
produced  any  effect,  some  nitric  acid  was  gradually  added,  by  drops, 
until  a  moderate  effervescence  began  to  appear. 

The  whole  was  then  digested  in  a  gentle  heat,  during  one  hour ;  and 
a  green-coloured  solution  was  formed  whilst  a  quantity  of  sulphur  ffoat* 
ed  on  the  sur^ce,  which  was  collected,  and  was  again  digested  in  ano- 
ther vessel,  with  half  an  ounce  of  muriatic  acid. 

The  sulphur  then  appeared  to  be  pore,  and,  being  well  washed  and 
dried  on  bibulous  paper,  weighed  34  grains  :  it  was  afterwards  burned 
in  a  porcelain  cup,  without  leaving  any  other  residuum  than  a  s^^t 
dark  stain. 

B.  The  green  solution,  by  cooling,  had  deposited  a  white  saline  se- 
diment ;  but  this  disappeared  upon  Uie  application  of  heat,  and  the  ad- 
dition of  the  muriatic  acid  in  which  the  sulphur  had  been  digested. 

The  solution  was  perfectly  transparenti  and  of  a  yellowish  green : 
it  was  made  to  boil,  and  in  this  state  was  added  to  three  quarts  of  boihng 
distilled  water,  which  immediately  became  like  milk ;  this  was  poured 
on  a  very  bibulous  filter,  so  that  the  liquor  passed  through  befwre  it 
had  time  to  cool ;  and  the  white  precipitate  thus  collected,  being  well 
edulcorated  with  boiling  water,  and  dried  on  a  sand-bath,  wo^^  69 
grains. 

c.  The  washings  were  added  to  the  filtrated  liquor ;  and  the  whole 
was  gradually  evaporated  at  different  times,  between  each  of  which  it 
was  -suffered  to  cool,  and  remain  undisturbed  durii^  several  hours.  A 
quantity  of  crystallized  muriate  of  lead  was  thus  obtained,  until  nearlj 
the  whole  of  the  liquor  was  evaporated  :  to  this  last  portion  a  few  dn^ 
of  sulphuric  acid  were  added,  and  the  evaporation  was  carried  oa  to 
dryness  ;  after  which  the  residuum,  being  dissolved  in  boiling  distilled 
water,  left  a  small  portion  of  sulphate  of  lead. 

The  crystallized  muriate  of  lead  was  then  dissolved  in  boiling  water ; 
and,  being  precipitated  by  sulphate  of  soda,  was  added  to  the  former 
portion,  was  washed,  dried  on  a  sand-bath,  and  then  weired  120.^ 
grains. 
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D.  The  filtrated  liqnor  was  now  of  a  pale  bluish-green,  which  changed 
to  deep  blue,  upon  the  addition  of  ammonia  ;  some  ochraceous  flocculi 
were  collected,  and,  when  dry,  were  heated  with  wax  in  a  porcelain 
crucible,  by  which  they  became  completely  attractable  by  the  magnet, 
and  weighed  2.40  grains. 

s.  The  clear  blue  liquor  was  evaporated  nearly  to  dryness ;  and, 
being  boiled  with  strong  lixivium  of  pure  potash,  until  the  whole  was 
almost  reduced  to  a  dry  mass,  it  was  digested  in  boiling  distilled  water ; 
and  tjie  black  oxide  of  copper,  being  collected  and  washed  on  a  filter, 
was  completely  dried,  and  weighed  32  grains. 

200  grains  of  the  ore,  treated  as  here  stated,  afforded, 

OraiaS' 

A.  Sulphur 34. 

B.  Oxide  of  antimony.  .  •     63. 
c.  Sulphate  of  lead.  .  .  .  120.20 

D.  Iron ^ 2.40 

E.  Black  oxide  of  copper     32. 

But  jkbe  metals  composing  this  triple  sulphuret  are  evidently  in  the 
jnetalUc  state  ;  and  white  oxide  of  antimony  precipitated  from  muriatic 
acid  by  water,  is  to  metallic  antimony  as  130  to  100  ;  therefore,  the 
63  grains  of  the  oxide  must  be  estimated  at  46.46  grains  of  the  metal. 

i^n,  sulphate  of  lead  is  to  metallic  lead  aa  141  to  100^  therefore, 
120.20  grains  of  the  former  are  =:  65  24  grains  of  the  latter.  And, 
lastly,  black  oxide  of  copper  contains  20  per  cent*  of  oxygen  ;  conse- 
qaendy,  32  grains  of  the  black  oxide  are  ==  25.60  grains  of  metallic 
copper. 

The  proportions  for  200  grains  of  the  ore»  will  therefore  be, 

Sulphur 34. 

Antimony  • •  •  48.46 

Lead 85.24 

Iron 2,40 

Copper 25.60 

195.70 
Loss 4.30 


SsGTioir  XVI.    Of  ike  CWnWiurtioiw  of  Bimuth. 

1462.  The  principal  ores  ^f  bismuth  are,  Native  Bitmuth,  the  Sul- 
pkmreit  the  piumbiheuprtfirofu  Salphuret,  and  the  Native  Oxide,  Kla- 
pjoth'a  analysis  of  the  bismuthic  silver  ore  will  be  found  in  a  follow- 
ing Section. 

1463.  The  Sulphuret  of  Bi$mutk  has  been  analyzed  by  Sage  {Mm 
de  P  AewL  deiSeun.,  17^2,  p.  307.)  but  the  following  more  complicat- 
ed  analysis  of  one  of  the  ore»  of  thii  metal  renders  it  unnecessary  to 
advert  to  other  details. 
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1464.  The  luedU  ore  of  Siberia,  orSulphuret  of  Lead,  Copper,  aidd 
^MjiMrfA,  was  examined  as  follows :         .,,     ^       .,         _^  ^ 

a,  60  grains,  separated  as  fiir  as  possible  from  ito  qnartzose  matnx, 
were  digested  in  nitric  acid  dilated  with  its  bulk  of  water ;  when  all 
action  had  ceased,  a  gentle  heat  was  applied  for  a  few  hours,  until  no 
further  action  took  place.  The  whole  was  then  poured  upon  a  filter, 
and  the  residue  being  washed  and  dried,  weighed  8,8  grains ;  it  was 
burned,  and  there  remained  upon  the  capsule  2.3  grains  of  silica ;  tlic 
burned  portion,  amounting«to  6.5  grains,  being  considered  as  sulphur. 
There  was  also  an  inappreciable  portion  of  sulphate  of  lead. 

h.  The  filtered  solution  being  evaporated,  let  fall  crystals  of  nitntt 
of  lead ;  the  evaporation  was  carried  nearly  to  dryness,  and  the  resi- 
due, put  into  8  ounces  of  water,  deposited  a  quantity  of  oxide  of  bii- 
muth,  which  being  collected,  washed,  and  dried,  weighed  20  grains. 
On  evaporating  the  filtered  liquor  to  half  ito  bulk,  there  was  a  fiurther 
deposit  of  3  grains  of  oxide  of  bismuth.  Now,  23  grains  of  oiide  of 
bismuth  may  be  computed  as  equal  to  20.5  of  the  metal. 

c.  The  evaporation  was  now  carried  nearly  to  dryness,  a  portion  of 
excess  of  acid  driven  off,  and  the  residue  again  diluted,  Iqr  which  a  very 
slight  turbidness  was  produced,  but  no  appreciable  portion  of  biamu- 
thic  oxide  deposited.  1  therefore  poured  sulphate  of  soda  into  the  so- 
lution, and  the  precipitate  of  sulphate  of  lead  thus  formed,  wagh^> 
when  dry,  18*5  grains,  equivalent  to  about  12.7  of  lead. 

d.  The  filtered  liquor  was  now  evaporated  to  dryness,  and  the  resi- 
due dissolved  in  a  small  quantity  of  water ;  carbonate  of  soda  was  added, 
and  the  blue  precipitate  being  collected  and  washed,  was  digested 
in  ammonia,  in  which  it  was  totally  soluble  ;  the  ammonia  beiiig  driven 
off,  the  residue  was  heated  red-hot,  and  had  the  properties  of  pure 
peroxide  of  copper ;  it  weighed  8  grains,  which  is  nearly  equivalent  to 
6.5  of  copper. 

These  were  all  the  components  of  this  triple  sulphuret  wlucli  I  could 
separate,  though,  from  its  odour  before  the  blow-pipe,  I  suspect  iht 
existence  of  a  trace  of  arsenic  in  it :  the  following,  tiierefore,  are  the 
results  of  the  analysis : — 

Sulphur  (a) 6.5  graisB. 

Bismuth  (6) 20.5 

Lead  (c) 12.7 

Copper  (d) 6.6 

46.2 

Silica  (o) 2.3 

Loss 1.& 

50.0 

From  the  small  quantity  of  the  needle  ot^  in  my  possession,  1  cooU 
not  repeat  this  analysis,  nor  could  I  employ  separate  portiona  for  (be 
separation  of  its  several  components. 

Dr.  John  {ChemUche  UnUrsuckungeny  p.  216.)  whose  analysis  is,  I 
believe,  the  only  one  previously  published,  gives  the  fottowwg  as  tlie 
composition  of  ttiis  ore  of  bismuth : 
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Bismuth.  . 
Lead  .  .  .  , 
Copper  .  . 
Solp^ur .  . 
Nickel  .  . 
Telluriam . 
Gold    •  •  . 


Lots 


43.20 

24.32 

12.10 

11. 5B 

1.58 

1.32 

0.79 

94.89 
6J1 


21.60 
J2.16 
6.05 
5.79 
0.79 
0.66 
0.39 


100  60.00 

It  may  be  obseired,  that  in  both  these  analyses,  bnt  especially  in 
the  latter,  the  proportion  of  sulphur  Ms  short  of  that  required  to 
constitute  the  respectire  sulphurets  of  lead,  copper,  and  bismuth,  and 
that  the  loss  therefore  may  be  most  plausibly  ascribed  to  sulphur. 

1465.  The  Native  Oxiae  of  Binnuth  consists,  according  to  Lampa- 
iUos,  of 

Oxide  of  bismuth 86.3 

Oxide  of  Iron 5.2 

Carbonic  acid 4.1 

Water 3.4 

Heat  ffoold  expel  both  the  water  and  ccO'bonic  acid  from  this  com- 
pound :  the  relative  proportion  of  the  latter  might  be  learned  by  the 
loss  of  weight  during  effenrescence.  The  or6  might  then  be  dissolved 
in  the  smallest  possible  quantity  of  nitric  acid,  and  excess  of  ammonia 
wottld  precipitate  the  peroxide  of  iron,  but  retain  the  bismuth  in  so- 
lution ;  the  oxide  of  bismuth  might  then  be  obtained  by  evaporation  to 
iAiyness,  and  exposure  to  heat  sufficient  to  decompose  the  nitrate  of 
ammonia. 


Section  XVII.    Cf  ike  Combmatum  of  Cobalt. 

1466.  The  analyses  of  the  chloride  and  of  the  sulphate  of  cobalt 
*re  gjiven  in  Section  XVII.  of  the  preceding  Chapter,  (paragraphs  960 
aad  969.)  from  which  the  equivalent  of  the  met&d  is  deduced. 

The  principal  difficulties  that  occur  in  examining  the  combinations  of 
cobalt  are,  its  separation  from  arsenic,  from  nickel,  and  from  copper, 
which  may  be  performed  as  follows. 

«•  100  grains  of  an  alloy  of  cobalt,  arsenic,  nickel,  and  copper,  are 
dbgeflted  in  nitric  add  till  perfectly  dissolved ;  the  solution  is  then  eva- 
porated to  dryness,  and  a  fresh  portion  of  nitric  acid  distilled  off  the 
dry  salt,  in  order  to  ensure  the  complete  acidification  of  the  arsenic ; 
the  residue,  consisting  of  aneniates  of  cobalt,  copper,  and  nickel,  may 
then  be  treated  by  nitrate  of  lead,  which  will  remove  the  arsenic  acid 
in  the  fem  of  insoluble  arseniate  of  lead ;  but  a  more  convenient 
method  of  proceeding  is  perhaps  as  follows :  boil  the  arseniates  re- 
peatedly in  solution  of  potassa,  until  that  alcali  no  longer  takes  up 
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arsenic  acid ;  the  oxides  of  cobalt,  nickel,  and  copper,  will  thas  be 
obtained  nearly,  if  not  quite,  free  from  arsenic  acid. 

b.  To  separate  the  oxides  of  copper,  cobalt,  and' nickeU  disioWe 
them  (in  the  state  of  hydrates)  in  dilute  nitric  acid,  and  unmerse  a  plate 
of  iron,  which  will  throw  down  metallic  copper,  and  a  mixed  nitrate 
of  iron,  cobalt,  and  nickel,  will  be  obtained. 

c.  To  this  mixed  nitrate  add  potassa,  wash  the  precipitate,  and  digest 
it  in  ammonia,  which  will  take  up  the  oxides  of  cobalt  and  nickel, 
leaving  the  peroxide  of  iron. 

d.  The  ammoniated  solution  <of  cobalt  and  nickel  maybe  treated  a 
directed  by  Mr.  R.  Phillips,  {Phil,  Magazine^  xvi.  313.)  Evaporate 
it  till  the  excess  of  ammonia  is  expelled  (which  is  known  by  no  change 
of  colour  being  produced  by  it  on  turmeric  paper),  and  then  add  solo- 
tion  of  potassa,  and  dilute  considerably  ;  the  oxide  of  nickel  iastaiitlj 
falls,  but  that  of  cobalt  remains  some  time  in  solution,  and  maj  be  oh- 
tained  by  neutralizing  the  alcaline  liquor. 

1467.  The  following  is  Tassaert^s  analysis  of  the  ArMcwical  CMt, 
or  white  cobalt  glance  of  Tonnebefg. 

That  the  reader  may  better  understand  the  process^  it  may  be  pre- 
mised, that  when  reguline  arsenic  is  boiled  with  a  likle  nitric  add,  it  is 
dissolved  and  converted  into  white  oxide,  all  of  which  is  depoeiiedby 
mere  evaporation  to  a  small  bulk  of  liquid  ;  but  when  wMch  aitric  ackL 
is  used,  the  arsenic  is  more  or  less  acidified,  becomes  thereby  much 
more  soluble  in  water,  and  th^i  acting  as  an  acid,  it  readOy  duaolves 
cobalt,  iron,  4^c. ,  forming  arseniates  of  those  metals,  whidi  are  decern* 
posable  hj  the  fixed  alcalis.    It  may  be  also  added,  that  oxide  of  cobalt 
is  soluble  in  ammonia,  but  oxide  of  iron  is  not ;  and  that  the  nitrate  oi 
iron  deposits  much  of  its  iron  by  mere  exposure  to  ur^  bat  the  nitrate 
of  cobsdt  remains  clear. 

▲.  To  estimate  the  quantity  of  arsenic  separately,  M.  Taasafttl  di- 
gested 100  parts  of  the  cobalt  ore  with  dilute  nitric  acid,  and  in  some 
hours  the  whole  was  dissolved,  but  by  cooling  deposited  a  qnantity  of 
white  crystalline  grains.  On  evaporation,  more  of  them  were  d^ 
sited,  and  when  all  had  thus  separated,  they  were  collected  and  dried, 
and  weighed  56  parts,  all  of  which  was  sublimed  by  heat  excepts  parts, 
probably  a  mixture  of  arsenic  and  cobalt.  Hence  the  oxide  of  arsenic 
from  this  ore  may  be  reckoned  at  about  63  parts,  wnU'T^ttpg  49  per  ceat. 
of  metallic  arsenic  in  the  ore. 

^  B.  300  parts  of  the  ore  were  then  digested  with  four  times  as  moch 
nitric  acid,  which  made  a  rose-coloured  solution.  By  partial  evapora- 
tion, adding  water,  and  heatingi  a  rose-white  precipitate  (a)  fell  dowD, 
leaving  a  rose-coloured  solution.  This  solution,  boiled  with  an  excess 
of  potash,  gave  an  oxide  of  cobalt,  at  first  rose-coloured,  then  pasnas 
to  green,  and,  when  dried  in  a  red  heat,  black.     It  weighed  86  parts. 

c.  The  86  parts  of  the  last  experiment  were  then  examined  foriroo. 
When  re-dissolved  in  nitro-mnriatic  acid,  pure  ammonia  was  added, 
which  gave  a  black  precipitate,  which  was  all  Fe-dis6<^ved  by  an  excea 
of  the  alcali  except  a  small  portion,  which,  ^gain  treated  with  nitrch 
muriatic  acid  and  ammonia,  was  reduced  to  4  paris^end  appeared  to  be 
oxide  of  iron. 

D.  The  rose-precipitate  of  experiment  b,  which  proved  to  be  a 
mixed  arseniate  of  cobalt  and  iron,  Waa  decomposed  by  canstic  potasb 
in  excess,  and  gave  a  precipitate  weighii^  100  parts  vrhen  dried. 
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E.  The  100  parts  of  the  last  experiment  were  re-dissoI^ed  in  nitric 
acid,  the  solution  evaporated  partly,  and  then  diluted  with  water ;  a 
precipitate  of  oxide  of  iron  weighing  27  parts  then  separated,  and  a 
clear  solution  of  cobalt  was  left. 

F.  The  nitrate  of  cobalt  of  the  last  experiment  was  decomposed  by 
ammonia,  and  the  precipitate  re-dissolved  by  an  excess  of  the  alcali, 
except  16  parts  of  insoluble  oxide  of  iron :  the  solutioo  was  added  to 
the  ammoniated  cobalt  of  experiment  c. 

G.  The  insoluble  precipitates  of  oxide  of  iron  of  c,  e,  and  f,  were 
then  mixed  and  examined :  they  still  gave  a  blue  glass  with  borax,  and 
therefore  contained  a  certain  portion  o£  cobalt.  Acetic  acid  was  found 
a  good  method  of  separating  them  :  for  this  purpose  they  were  re-dis* 
solved  in  nitro-muriatic  acid,  precipitated  by  just  sufficient  ammonia, 
and  the  precijutate  whilst  still  wet  was  put  into  acetic  acid.  This  dis* 
solved  the  whole  at  first,  but  on  boiling  and  evaporating  the  solution 
nearly  to  dryness,  most  of  the  iron  separated,  and  by  re-dissolving 
in  water  and  evaporating  nearly  to  dryness  successively  four  times » 
nearly  all  the  oxide  of  iron  was  rendered  insoluble,  whilst  the  cobalt 
remained  in  the  solution,  and  this  acetited  cobalt  in  proportion  as  it  was 
freed  from  iron  became  more  and  more  of  a  fine  rose  colour.  This 
last  was  then  supersaturated  with  ammonia,  and  the  solution  of  ammo- 
niaied  cobalt  was  added  to  the  different  portions  of  the  same  obtained 
in  the  former  experiments.  The  whole  was  then  boiled  to  expel  the 
excess  of  ammonia,  and  by  adding  potash  the  whole  of  the  pure  oxide 
was  precipitated,  which  when  well  washed  and  dried,  weighed  133 
parts.  This  oxide  reduced  in  a  crucible  lined  with  charcoal,  gave 
regulus  of  cobalt  in  its  purest  form,  of  the  specific  gravity  of  8.538, 
and  to  all  appearance  totally  free  from  arsenic  and  iron. 

H.  Lastly,  to  estimate  the  quantity  of  sulphur,  100  parts  of  the  ore 
were  separately  boiled  with  500  of  nitric  acid,  and  diluted  with  water, 
to  separate  all  the  oxide  of  arsenic  that  would  be  deposited  spontane- 
ously. All  the  sulphur  being  now  converted  into  sulphuric  acid  by  the 
action  of  the  nitric  acid,  nitrate  of  barytes  was  added,  and  from  th^ 
precipitated  sulphate  of  barytes,  the  quantity  of  sulphuric  acid,  and  of 
course,  of  sulphur,  was  estimated  according  to  known  proportions. 
^-Aikin'b  DieH(mary^  i.  307. 


Section  XVIII.     Of  the  Qnnlnnations  of  Uranium* 

1468.  In  Section  XViU.  of  the  preceding  Chapter,  the  Pechblende 
of  mineralogists  is  erroneously  represented  as  a  Motive  Sulphuret  of 
Urameum  ;  it  is,  however  an  oxide  of  uranium,  combined  with  a  little 
oxide  of  iron,  sulphuret  of  lead,  and  silica  ;  probably  accidental  ingre- 
dients, as  shotm  by  the  following  resuhs  of  Klaproth^s  analysis  of  the 
pitch  ore  of  uranium^  from  Joachimsthal : 

Oxide  of  uranium 86.5 

Oxide  of  iron 2.5 

Sulphuret  of  lead 6.0 

Silica 5.0 

100. 
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1469.  The  following  is  a  general  process  for  the  analysis  of  ntuutic 
ores. 

a.  Digest  in  dilate  nitric  acid,  which  separates  sulphur  and  silica  (if 
sufficiently  dilute  without  the  acidification  of  the  former)  ;  born  off 
the  sulphur,  and  the  silica  remains. 

b.  To  the  nitric  solution  add  sulphate  of  soda,  which  separates  leal 
in  the  state  of  sulphate. 

c.  To  the  remaining  solution  add  liquid  potassa  in  excess,  and  boil; 
filter,  wash  the  precipitate,  and  digest  it  in  pure  ammonia  which  takei 
up  the  copper,  and  which  may  be  obtained  by  immersing  a  plate  of 
zinc  in  the  ammoniacal  solution  slightly  supersaturated  with  sulphcuic 
acid. 

d.  Digest  the  portion  of  the  precipitate  c,  insoluble  in  mnmonia,  ia 
bi-carbonate  of  potassa,  which,  if  used  in  sufficient  quantity,  takes  up 
oxide  of  uranium,  leaving  oxide  of  iron. 

1470.  The  Micaceow  Uramte^  from  the  Gunnis  Lake  mine  io  Con- 
wall  was  analyzed  as  follows,  by  Mr.  Gregor  [Amale9  of  Fhiilwa^^  f. 
281.)  : 

a.  100  grains  lost,  by  exposure  to  a  low  red  heat,  15.4  gniiis  of 
water. 

h.  100  grains  (not  previously  ignited),  repeatedly  boiled  in  acm 
of  nitric  acid,  left  a  residue  amounting  only  to  0.1  grain  of  silica  and 
oxide  of  iron. 

c.  Excess  of  ammonia  added  to  the  nitric  solution,  threw  down  a 
yellow  precipitate,  which,  digested  in  excess  of  ammonia,  gave  a  hlae 
solution,  and  left  74.9  grains  of  oxide  of  uranium,  not  quite  pure. 

d.  The  ammoniacal  solutions  were  evaporated  to  dryness,  and  the 
residue  again  digested  in  ammonia  left  0.2  grains  of  oxide  of  uranium. 
The  ammoniacal  solution  again  evaporated,  and  the  readne  disaoVved 
in  nitric  acid,  gave  with  potassa  a  precipitate,  which  diied  and  i^ied, 
was  7.65  grains  of  oxide  of  copper. 

t  The  74.9  grains  of  oxide  c,  digested  in  dilute  sulphuric  acid, Ma 
trace  of  lead.  The  sulphuric  solution,  precipitated  by  excess  of  am- 
monia, still  showed  traces  of  copper,  and  by  a  cylinder  of  eibc  gsTe 
0.5  grain  of  metallic  copper  ss  0.62  of  oxide  ;  so  that  the  74.9  grains 
of  process  c  were  reduced  to  74.28,  to  which  add  the  0.2  gninof 
process  <2,  and  it  gives  the  whole  amount  of  oxide  of  uranium  => 
74.48.    The  results  of  the  above  analysis  are  , 


Oxide  of  uranium,  with  a  ^  mA  At% 

trace  of  lead \  ^^'^^ 

Oxide  of  copper,  d  e  .  .  8.20 

Water 15.40 


98.08 
Loss 1.92 

100.00 


COXBIITATIONS  OP  CERIUM. 

Section  XIX.    Cf  the  CombinoUums  of  Titanium, 

1476.  Klaproth  and  Vauquelin  have  furnished  analyses  of  the  ti- 
tanic ores,  of  which  the  foHowing  examples  will  suffice  ^ 

The  silicO'Cakareous  titanite  from  Bavaria  was  thus  analyzed  by  Kla- 
proth (^Essays^  i.  214.) : 

a.  100  grains  in  fine  powder  were  ignited  for  an  hour  with  400  grains 
of  caustic  potassa,  and  the  resulting  mass  digested  in  muriatic  acid  left 
12  grains  of  silica. 

h.  Carbonate  of  potassa  was  added  to  the  muriatic  solution,  and  the 
precipitate  thus  obtained,  being  again  digested  in  muriatic  acid,  left  23 
grains  of  silica. 

c.  Caustic  ammonia  was  then  added  to  the  preceding  solution,  and 
the  precipitate  dried  and  ignited  gave  33  grains  of  oxide  of  titanium. 

d.  To  the  remaining  dnid,  whilst  boiling,  carbonate  of  potassa  was 
added,  and  the  precipitate  having  been  duly  ignited,  gave  33  grains  of 
Hme. 

The  following  then  are  the  component  parts  of  this  mineral : 

Silica,  ab 35  grains 

Oxide  of  titanium,  c  .  .  •  .    33 
Lime,  d 33 

101 

1472.  The  following  is  Vaaq^aelin's  analysis  of  the  Menachanite  of 
Bavaria  (Journal  des  Mines,  No.  19.) : 

a.  100  grains  finely  pulverized  were  fused  for  an  hour  and  a  half 
in  a  silver  crucible,  with  400  grains  of  potassa ;  the  fused  mass,  di- 
jgested  in  water,  left  124  grains  of  red  insoluble  powder. 

6.  The  124  grains  were  boiled  with  potassa,  and  the  solution,  after 
saturation  with  muriatic  acid,  was  treated  with  carbonate  oi  potassa, 
-wlucb  threw  down  3  grains  of  oxide  of  titanium. 

c.  The  residue  of  the  124  grains  was  digested  with  dilute  muriatic 
acid,  which  left  46  grains  of  oxide  of  titanium. 

d»  The  muriatic  solutiony  saturated  by  ammonia,  gave  50  grains  of 
oxide  of  iron. 

€•  The  alcaline  solution  a,  which  was  of  a  green  colour,  was  super- 
saturated by  muriatic  acid,  and  evaporated  to  aryness  ;  the  dry  residue 
contained  no  silica,  for  it  dissolved  entirely  in  water ;  on  the  addition 
of  carbonate  of  potassai  it  yielded  2  grains  of  carbonate  of  manganes*. 


SscTiaN  XX.    Of  the  CamhinatioM  of  Cerium. 

1473.  Cerite  (997)  was  analyzed,  with  the  foUowii^  results,  by  Vau- 
queliQ  {Annaiee  du  Muiumy  v.  412.)  : 

67    oxide  of  cerium 
17    silica 
2    oxide  of  iron 
2    lime 
12    water  and  carbonic  9cid 

100 

3  E 
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The  following  directioDB  for  the  analysis  of  this  ore  are  ^ten  by 
Messrs.  Aikin: 

a.  Having  minutely  pulverized  the  ore,  weigh  it,  then  ignite  it  and 
weigh  it  again ;  the  difference  may  he  set  down  as  the  amount  of  wa- 
ter. 

h.  Digest  the  calcined  ore  in  repeated  portions  of  nitro-muriatic 
acid,  and  when  nothing  further  is  takep  up,  fuse  the  residue  with  caui- 
tic  potash ;  then  dissolve  out  the  mass  hy  muriatic  acid,  evaporate  to 
dryness,  and  digest  again  in  very  dilute  muriatic  acid ;  the  iasohble 
residue  is  silex. 

c.  Add  together  the  muriatic  and  nitro-muriatic  solutions,  and  de- 
compose the  whole  at  a  hoiling  heat  by  saturated  carbonate  of  potash ; 
re-dissolve  the  whole  in  as  ht^e  muriatic  acid  as  posnble,  heat  the  so- 
lution to  drive  off  the  last  remains  of  carbonic  acid,  and  add  peifectlj 
caustic  anunonia  till  there  is  an  evident  excess ;  separate  the  precipi- 
tate, and  add  to  the  clear  liquor  as  much  muriatic  acid  as  will  eatnrate 
it,  and  then  throw  down  from  it  the  lime  in  the  state  of  carbonate,  by 
means  of  a  nuld  alcali. 
^  d.  The  anmioniacal  precipitate,  consistmg  of  the  oxides  of  cen'ooi 
and  iron,  is  to  be  dissolved  in  muriatic  acid,  and  liquid  hydrosnlpburet 
of  potash  is  to  be  dropped  in  tili  the  precipitate,  which  at  first  w^  be 
greenish,  becomes  white ;  the  clear  hquor  being  separated  and  treated 
with  carbonate  of  potash,  affords  a  white  precipitate,  which  is  caiboi- 
ate  of  cenum. 

e.  The  greenish  precipitate  is  to  be  dissolved  in  as  little  muriatic 
acid  as  possible,  and  the  solution  being  neutralized  by  an  alcali  to  the 
point  of  precipitation,  sulphate  of  soda  is  to  be  added,  which  will 
throw  down  a  sulphate  of  cerium ;  the  residual  fluid  being  then  de- 
composed by  ammonia,  deposits  oxide  of  iron. 

f.  The  sulphate  of  cerium  e  is  now  to  be  boiled  with  thrice  its  wei^t 
of  carbonated  soda,  by  which  it  will  be  converted  into  carbonate,  w^och 
is  to  be  dissolved  in  dilute  muriatic  acid,  and  again  precipitated  by  car- 
bonate of  potash  or  of  soda. 

g.  The  carbonates  of  cerium  (d  and/)  are  now  to  be  calcined,  by 
«wluch  the  pure  brown  oxide  of  cerium  will  be  obtained. — Mdmda  to 

the  Dtcftonary,  iii.  609. 

1474.  AllaniUs,  (997)  analyzed  by  Dr.  Thomson  (Edinftwgli  PWL 
Tram.^  vi.  S85.)  was  found  to  contain  the  following  substances: 

Oxide  of  cerium 33.9 

Oxide  of  iron t6,4 

Silica 36.4 

Lime 9.2 

Alumina 4.1 

Water *  .  4,0 


112.0 


Section  XXI.     Of  the  ConMnaiions  of  TeUurium, 

1476.  The  following  is  an  outline  of  the  analysis  of  several  com- 
pounds of  tellurium  given  by  KUiproth,  in  his  aemieal  ExatmnaHvu 
of  the  Aurifennn  Oru  of  Traf^hnnia,  Essats  ii.  1 . 
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1476.  Nuthe  TiUuriumi  from  Fatzebay  in  Traagjlyanie,  CMtaiai, 
according  to  that  celebrated  analyst, 

92.55    telluriuBi 
7.20   iron 
0.25    gold 


100. 


The  following  method  was  pursued  in  the  decomposition  of  this 
•re  : 

a.  It  was  separated  as  mach  as  possible  from  its  stony  matrix  and 
pulverized,  was  digested  in  six  parts  of  warm  muriatic  acid,  to  which 
were  added,  cautiously  and  at  intervals,  three  parts  of  nitric  acid  ;  the 
compound  acid  acted  violently  on  the  ore,  and  took  up  the  whole  of  it 
except  the  qoartzose  matrix. 

b.  The  acid  solution  being  diluted  with  as  much  water  as  it  would 
bear  without  decomposition,  was  combined  with  caustic  potassa,  upon 
which  a  copious  precipitate  fell  down  -,  more  alcali  was  then  added, 
till  the  whole  of  the  precipitate  that  was  resoluble  in  this  menstruum 
was  taken  up.  There  remained  behind  a  dark-brown  residue,  con- 
sisting of  the  oxides  of  gold  and  iron. 

c  The  residue  of  h  was  then  dissolved  in  nitro-muriatic  acid,  to 
which  was  afterwards  added,  drop  by  drop,  nitrate  of  mercury,  pre- 
pared in  the  cold,  as  long  as  the  precipitate  thus  formed  appear- 
ed of  a  brown  colour ;  Una  precipitate,  consisting  of  gold  and  mu- 
riate of  mercury,  was  then  pretty  strongly  ignited  in  a  crucible  with 
borax,  by  which  the  mercury  was  driven  off,  and  a  button  of  pore  gold 
remained. 

d.  To  the  nitro-muriatic  solution  c,  was  now  added  caustic  akali,  by 
which  the  oxide  of  iron  was  thrown  down. 

e.  The  alcaline  solution  6  was  accurately  jsaturated  with  muriatic 
acid,  and  then  heated,  by  which  a  white  heavy  powder  was  obtained  ; 
which,  after  being  washed  in  a  mixture  of  equal  parts  of  alcohol  and 
water,  and  then  gently  dried,  was  pure  oxide  of  tellurium. 

1477.  The  grey  ore  oj  Telluriumy  or  Graphic  Goldy  of  Offenbanya, 
contains 

60    tellurium 
30    gold 
10    silver. 

This  ore  was  treated  in  the  following  manner : 

a.  The  finely  pulverized  ore  was  digested  in  nitro-muriatic  acid  till 
nothing  more  was  taken  up. 

6.  The  insoluble  residue,  consisting  of  quartz  and  muriate  of  sil- 
ver, was  fused  with  five  times  its  weight  of  carbonated  soda,  by  which 
the  silver  was  obtained  in  the  metallic  state. 

c.  The  nitro-muriatic  solution  being  concentrated  by  evaporation, 
was  largely  diluted  by  dcohol^  upon  wUch  the  oxide  of  tellurium  pre- 
cipitated ;  and  this  being  re-dissolved  in  muriatic  acid,  was  obtained  in 
Mack  metallic  flocculi,  by  means  of  a  bar  of  polished  iron. 

rf.  The  nitro-nuiriali<;  solution  c,  after  separation  of  the  tellunum, 
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conlaiDed  only  gold,  which  was  procured  by  the  addition  of  a  aolution 
of  green  sulphate  -of  iron. 

1478.  The  yellow  ore  of  Tellurium^  from  Nagayag,  is  composed,  ac- 
cording to  Klaproth,  of 

44.76  tellurium 

86.76  gold 

19.60  lead 

8.60  silver 

0.60  sulphur 

100. 

He  performed  the  analysis  of  this  ore  nearly  as  follows  : 
a.  400  grains  of  the  pulverized  ore  were  digested  with  nitric  acid, 
till  every  thing  soluble  in  this  fluid  had  been  taken  up. 

h.  The  nitrous  solution  was  combined  with  muriatic  acid,  as  long  as 
any  precipitation  took  place ;  by  this  there  was  obtained  61  graios  of 
a  white  powder,  of  which  43  grains  were  again  resoluble  in  boQiDg 
water.  The  insoluble  portion,  amounting  to  8  grains,  was  nmriated 
silver. 

c.  The  solution,  containing  the  43  grains  above-mentioned,  was  con- 
centrated by  gradaal  evaporation,  and  afforded  delicate  needle-form- 
crystals  of  muriated  lead. 

d.  The  residue  of  a,  insoluble  in  nitric  acid,  was  then  treated  with 
nitro-muriatic  acid,  as  long  as  any  thing  was  taken  ap;  the  solation 
was  mixed  with  the  nitro-muriatic  solution  6,  and  reduced  by  evapora- 
tion till  it  ceased  to  deposit  muriate  of  lead.  1 1  grains  were  thus  ob- 
tained. 

e.  To  the  concentrated  solution  d,  was  added  caustic  potash  in  ex- 
cess, which  threw  down  a  copious  blackish-brown  precipitate ;  this  be- 
ing separated,  the  alcaline  liquor  was  saturated  with  muriatic  acid,  and 
the  white  precipitate  thus  obtained,  being  again  dissolved  in  niiiriatic 
acid,  and  then  precipitated  by  means  of  a  stick  of  zinc,  affonied  65 
grains  of  metallic  tellurium. 

/.  The  blackish-brown  precipitate  of  e  was  dissolved  in  nitro-mana- 
tic  acid,  and  the  liquor  wa^  nearly  saturated  with  caustic  potash  *,  nitrat- 
ed mercury  was  then  added,  tiU  the  precipitate  began  to  be  white ; 
this  precipitate  being  separated  by  the  filter,  and  washed,  the  filter, 
with  its  contents,  was  ignited  in  a  crucible,  and  alitde  nitre  being  add- 
ed, the  fire  was  increased,  and  a  button  of  .pure  gold  was  thus  obtained^ 
weighing  60.76  grains. 

g.  The  remainder  of  the  nitro-muriatic  solution  /  was  saturated 
with  carbonated  potash,  and  a  precipitate  was  obtained,  consisting  of 
oxide  of  manganese,  mixed  with  carbonated  lime,  and  a  little  almnifie 
and  oxide  <^  iron. 

k.  The  insoluble  residue  of  d,  weighing  120.6  grains,  and  coosistio| 
chiefly  of  quartz,  was  gently  heated,  by  which  it  lost  about  1  graiDi 
which  was  sulphur ;  being  then  mixed  with  four  times  its  weight  of 
carbonated  potash,  and  fused,  there  was  obtained  a  button  of  Sver, 
weighing  10. 126  grains. 

1479.  The  black  ore  of  Tellurium,  also  from  Nagayag,  according  to 
the  same  analyst  consists  of 
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£4.0 

39.2 

9.0 

0.6 

llll 

1.3 
8.0 

copper 
sulphur 

100.0 

This  ore  was  analyzed  ia  the  foUowing  maoaer  : 

a.  1000  grains  of  the  pulverized  ore  were  digested  with  10  ounces 
of  muriatic  acid,  to  which  was  added,  by  degrees,  a  little  nitric  acid  ; 
this  being  poured  off,  5  ounces  more  of  muriatic  acid  were  added, 
by  which  evecy  thing  soluble  in  this  menstruum  was  taken  up ;  to  the 
filtered  solution  boiling  water  was  added,  to  re-dissolve  the  muriate 
of  lead  which  had  begun  to  be  deposited. 

b.  Of  the  insoluble  residue  a  part  had  cohered  into  a  mass,  and  was 
for  the  most  part  sulphur,  weig^ng  17.5  grains  ;  being  gently  ignited, 
it  left  behind  3.5  grains  of  a  blackish  matter,  which  was  dissolved  in 
muriatic  acid,  and  added  to  the  foregoing  solution.  Hence  the  sulphur 
of  the  ore  amounted  to  14  grains. 

c«  The  ^remainder  of  the  insoluble  residue  was  for  the  most  part 
quartz,  and  weighed  440.5  grains.  Being  melted  with  four  times  its 
weight  of  carbonated  potash  there  appeared,  on  breaking  the  mass,  a 
few  globules  of  silver,  amounting  to  about  2.5  grains  equivalent  to  3.5 
grains  of  muriated  silver  ;  so  that  the  quartzose  matrix  was  equal  to 
437  grains. 

d.  The  solution  a  being  concentrated  by  evaporation,  crystals  of 
muriated  lead  were  deposited,  to  the  amount  of  330  grains,  equivalent 
to  348  of  metallic  lead. 

€•  Having  thus  separated  the  lead,  the  remainder  of  the  solution 
was  largely  diluted  with  alcohol,  by  which  a  white  oxide  of  tellurium 
was  thrown  down ;  this  oxide  being  re-dissolved  by  muriatic  acid,  and 
again  precipitated  by  caustic  soda,  afforded  178  grains  of  oxide,  equi«» 
valent  to  148  grains  of  reguline  tellurium. 

f.  The  alcoholic  solution  was  next  distilled,  by  which  the  alcohol 
was  separated ;  the  residual  fluid  being  diluted  with  water,  was  treated 
with  nitrate  of  mercury,  in  the  way  already  described)  by  which  a  but- 
.  ton  of  gold  weighing  41 .5  grains  was  obtained. 

^.  The  residual  fluid  of/  was  saturated  with  carbonated  soda,  and 
boiled,  by  which  a  bluish-grey  precipitate  was.obtained ;  by  digestion 
in  muriatic  acid  it  dissolved,  and  oxy-muriatic  acid  gas  was  produc- 
ed ;  the  muriatic  solution  being  then  supersaturated  with  caibonated 
ammonia,  there  was  deposited  carbonated  manganese,  mixed  with  iron, 
to  the  amount  of  92  grains. 

h.  The  ammoniaod  scdution  was  of  a  blue  colour,  upon  which  it  was 
supersaturated  with  sulphuric  acid,  and  a  plate  of  iron  being  immersed 
in  the  fluid  there  were  deposited  6  grains  of  copper. 

The  above  abri^ed  account  of  Klaproth's  analyses  of  the  ores  of 
tellorium  is  extracted  from  Messrs.  Aikin's  Dieiionary^  a|id  contains  a 
variety  of  instructive  details  to  the  student  in  analytical  chemistry. 
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SECTfON  XXII.     Of  the  Combinations  of  Selenium, 

1480.  The  compounds  of  this  substance  have  hitherto  been  eia- 
mined  by  Berzelius  only  ;  he  discovered  it,  as  has  already  been  stated, 
in  the  sulphuret  of  iron  from  Fahlun,  from  which  sulphur  is  obtained 
for  the  formation  of  sulphuric  acid  ;  when  burned  for  this  purpose,  a 
brown  compound  remains,  which  consists  of  sulphur,  and  a  peculiar 
substance  exhaling  a  strong  smell  of  horse-radish  when  heated  by  tbe 
bbw*pipe :  this  substance,  called  by  its  discoverer  Stlemum  (from 
rrAvnr,  the  moon),  indicative  of  its  analogy  to  Tellttriumy  was  separated 
in  minute  portions  from  the  brown  compound  by  a  very  tedious  andj- 
sis,  of  which  the  essential  part  consisted  in  digesting  it  to  dryness  in 
nitro-ffiuriatic  acid,  adding  water,  and  filtering;  excess  of  moriste  of 
ammonia,  added  to  the  filtered  liquid,  threw  down  selenium. 

In  this  state  selenium  fuses  a  little  above  212^,  assuming,  when  cool, 
a  brown  colour,  metallic  lustre,  and  crystalline  texture. 

It  combines  with  two  proportions  of  oxygen,  forming  an  onde  and 
an  acid ;  the  acid  consists  of  100  selenium  +  38  oxygen  ;  if,  therefore, 
we  regard  it  as  containing  1  proportional  of  selenium  +  ^  of  oxjgen, 
the  number  42  will  represent  selenium,  and  58  selenic  acid.  Bat,  ac- 
cording to  Berzehus's  analyses  of  the  SeUniate  ofBartfta^  it  is  compos- 
ed of 

Selenic  acid 100.0 

Baryta 137.7 

and  these  numbers  give  56.6  as  the  equivalent  of  the  acid, 

1481.  Selenium  combines  with  chlorine,  forming  a  volatile  yellow 
compound  :  its  action  upon  iodine  has  not  been  examined.  Comibined 
with  potassium,  and  acted  on  by  dilute  muriatic  acid,  a  colourless  gas  is 
disengaged,  somewhat  resembling  sulphuretted  hydrogen  in  its  odour, 
and  extremely  irritating :  it  is  soluble  in  water,  reddens  vegetable  bf  ae^, 
and  causes  precipitates  in  metallic  solutions.  This  gas,  which  is  a  (rue 
nleniuretted  hydrogen^  consists  of  1  proportional  of  seleaium  -f  1  of  hy- 
drogen. 

1482.  Sttlpkuret  of  Selenium  is  an  orange-coloured  compound,  fonn- 
ed  by  passing  sulphuretted  hydrogen  gas  through  a  solution  of  selenic 
acid  in  water.  It  appears  to  be  a  sesqui^nUphuret^  containing  3  pro- 
portionals of  sulphur  +  2  of  selenium. 

1483.  Phosphuret  of  Selenium  is  a  fusible  brown  compound,  which 
has  not  been  analyzed.— Bbrzelius.  Annales  de  Chemie  et  Physiqvit, 
ix.     AiMah  of  Philosophy^  xiii.     Thomson's  System,  6th  Edit.,  i.  397. 

1484.  The  following  analysis  of  a  supposed  ore  of  tellarium,  from 
Sweden,  by  Berzelius,  and  in  which  he  discovered  selenium,  I  subjoia 
as  an  example  of  his  method  of  proceeding  (Childr£n's  Trasidation  of 
Themaro  oil  Analysis^  408.)  : 

a.  100  parts  of  the  purest  portions  of  the  mineral,  carefbllj  selected, 
were  dissolved  in  boiling  nitric  acid,  the  solution  diluted  with  boihng 
water,  and  filtered;  the  clear  liquor  gave  a  precipitate  vritfa  solution  of 
common  salt,  and  the  matter  which  remained  on  the  filter  was  washed 
with  boiling  diluted  nitric  acid,  as  long  as  the  washings  were  rendered 
turbid  by  solution  of  sea-salt. 
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The  chloride  of  aiWer,  after  being  washed,  dried,  and  fased,  weigh- 
ed 60.7  parts,  equal  to  38.93  of  silver.  The  substance  remaining  on 
the  filter  consisted  of  silica  and  stony  matter,  and  weighed,  after  being 
heated,  4  parts. 

6.  The  liquid  from  which  the  silver  had  been  separated  was  precipi- 
tated by  sulphuretted  hydrogen  gas  ;  the  precipitate  re-dissolved  in 
aqua  regia,  and  the  solution  concentrated  till  the  nitnc  acid  was  entire- 
ly decomposed.  It  was  then  diluted  with  water,  and  sulphite  of  ammo- 
nia added,  when  the  liquid  gradually  became  turbid,  and  acquired  a 
cianabar  red  colour.  Mier  some  hours  it  was  boiled,  and  sniall  por- 
tions of  sulphite  of  ammonia  added  from  time  to  time.  The  boiling 
was  continued  two  hours,  in  order  to  precipitate  the  whole  of  the  se* 
lenium ;  collected,  dried,  and  heated  nearly  to  fusion  on  the  filter,  it 
weighed  26  parts. 

c.  From  the  liquid,  separated  from  the  selenium,  and  deprived  of  its 
sulphurous  acid  by  boiling,  subcarbonate  of  potassa  threw  down  a  green 
precipitate,  which,  when  washed,  dried,  and  heated  red,  was  converted 
into  black  oxide  of  copper,  and  weighed  27  parts,  equivalent  to  21.55 
of  copper.  This  oxide,  dissolved  in  muriatic  acid,  gave  a  blue  solu- 
tion, with  an  excess  of  iaunmoma.  The  alcaline  liquor,  from  which  the 
carbonate  of  copper  had  been  separated,  still  retained  a  greenish  tinge  ; 
it  was  concentrated  and  slightly  acidulated  with  muriatic  acid,  and  a 
further  precipitate  of  1.5  part  of  copper  separated  by  a  plate  of  iron, 
fvhich  makes  the  whole  of  the  copper  23.05. 

d.  The  liquid,  precipitated  by  sulphuretted  hydrogen,  (b)  was  de- 
prived of  the  excess  of  gas  by  boiling,  and  mixed  with  caustic  ammo- 
nia, which  threw  down  a  yellowish  precipitate,  weighing,  when  dried, 
1.8  parts,  and  was  a  mixture  of  oxide  of  iron  wiUi  a  Uttle  alumina. 

•The  remaining  solution  was  mixed  with  subcarbonate  of  potassa  in  ex- 
cess, and  evaporated  to  dryness.  The  saline  mass,  re-dissolved  in 
water,  left  a  white  earth,  which,  heated  red,  weighed  3.4  parts.  Sul- 
phuric acid,  mixed  with  this  earth,  occasioned  an  effervescence,  and  by 
evaporation  became  gelatinous,  and  deposited  silica ;  it  appeared  also 
to  contain  magnesia,  but  it  was  not  particularly  examined,  as  these  earths 
irrere  evidently  foreign  to  the  ore. 
The  results  of  the  analysis  then  are. 

Silver 38.93 

Copper 23.05 

Selenium 26.00 

Earthy  and  foreign  substances  •    6.90 

Loss 3.12 


100.00 


The  loss  must  be  partly  attributed  to  the  carbonic  acid  of  the  carbo- 
i&ate  of  lime  ;  still  more  to  selenium,  which  it  is  difficult  to  separate 
entirely  ;  and  partly  to  the  loss  unavoidable  in  this  sort  of  experiments. 


SscTioir  XXni.     Of  the  Cknnbinations  of  Arsenic. 

1485.  The  method  of  separating  arsenic  from  some  of  its  combina- 
tiom,  aad  estimiiting  its  quantity  has  already  been  adverted  to ;.  some 
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further  account  of  (he  process,  and  of  the  analysis  of  arseiiical  combi- 
nations remauis  to  be  given  in  this  section. 

Where  the  object  is  merely  to  drive  off  the  arsenic  contained  in  an* 
ore,  it  may  be  effected  by  reducing  it  to  powder,  mixing  it  with  saw- 
dust, or  charcoal,  and  applying  a  dull  red  heat  for  some  hours ;  the 
carbonaceous  material,  by  keeping  the  arsenic  in  the  metallic  £Ute 
facilitates  its  escape  in  the  form  of  vapour,  and  by  dividing  the  laate- 
rial,  prevents  its  running  into  lumps  by  partial  fusion. 

1486.  To  estimate  the  quantity  of  iron  in  the  arsenical  pyrius, 
Messrs.  Aikins  advise  the  following  as  a  short  and  convenient  process: 
^' Add  to  the  powdered  ore  dilute  uitric  acid,  and  digest  in  a  gentle  beat ; 
this  will  dissolve  all  the  arsenic  and  iron,  whilst  most  of  the  sulphur, 
with  .the  siliceous  residue,  will  remain  undissolved.  Pour  off  the  ni- 
trated solution,  mix  with  it  about  twice  as  much  powdered  charcoal  as 
the  quantity  of  ore  employed,  and  evaporate  nearly  to  dryness;  pat 
the  residue  into  a  tall  crucible,  and  apply  a  brisk  red  heat  for  abouUeD 
minutes,  by  which  time  the  arsenic  will  be  almost  entirely  diiren  off 
in  copious  fumes,  and  the  residue  will  consist  of  tittle  else  than  char* 
coal  and  oxide  of  iron.  Spread  this  upon  a  heated  tile,  till  the  char- 
coal is  almost  burned  off  hj  which  any  arsenic  still  adbering  will  be 
dissipated,  and  the  remaimng  oxide  of  iron  may  be  reduced,  or  es- 
timated as  mentioned  under  that  metal.  The  nitrous  add  is  prefer- 
able to  the  muriatic  in  this  process,  as  the  latter,  when  stxt>^y  heated, 
volatilizes  part  of  the  iron,  and  renders  the  assay  incorrect."— Die 
lioflary,  i.  96. 

14S7.  In  the  analysis  of  ores  containing  arsenic,  the  moat  eerim 
method  of  estimating  its  quantity,  consists  in  acidifying  it  by  nitric 
Mid ;  the  arsemc  acid  may  then  be  thrown  down,  with  due  precau- 
tions, by  nitrate  of  lead,  and  the  proportion  of  anenic  deduced  from 
that  of  the  arseniate  of  lead  ;  the  following  process,  for  instance,  may 
be  foUowed  in  the  analysis  of  the  sulphuret  ofar$emc  andiron  f  1059) : 

o.  Digest  100  grains  of  the  ore  in  fine  powder,  m  nitric  acid,  alitUe 
diluted,  so  as  sufficiently  to  moderate  its  action ;  a  portion  of  snlphor 
will  remain  undissolved,  together  with  siUca,  if  any  be  present,  which 
mav  be  separated,  washed,  and  burned,  in  order  to  obtain  thesiTica. 

6.  The  acid  solution  containing  nitric,  sulphuric,  and  arsenic  acids, 
and  oxide  of  iron,  may  now  be  supersaturated  with  solution  of  soda, 
and  the  precipitate  boiled  in  the  alcaline  tiquor,  which,  being  filtered 
off,  leaves  peroxide  of  iron,  by  which,  when  dried  and  ignited,  the 
eqmvalent  of  the  metallic  iron  in  the  ore  is  obtained. 

c.  Neutrdize  the  filtered  alcaline  liquor  with  nitric  acid,  and  pour 
in  mtrate  of  lead,  which  will  give  a  precipitate  of  sulphate  of  lead 
and  arseniate  of  lead ;  collect  and  wash  it,  and  digest  it  in  dilute  nitric 
acid,  which  wOl  take  up  the  arseniate,  but  leave  the  sulphate  of  lead; 
the  aweniate  may  again  be  obtained  by  saturating  with  soda. 

d.  Estimate  the  sulphur  in  the  sulphate  of  lead,  and  add  it  to  that 
procured  by  process  a.  100  parts  of  the  arseniate  of  lead  are  equira- 
lent  to  66.6  of  metallic  arsenic. 

1488.  Mr.  Chenevix,  in  the  Philosophical  Traruactimu  for  1801,  has 
given  some  valuable  details  respecting  the  analysis  of  seTeral  ores  of 
copper;  the  naHve  arserUate  of  copper  (1038)  he  examined  as  fol- 
lows : 

The  ore  was  first  heated  lo  expel  and  estimate  the  water;  it  was 
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then  digested  in  dilate  nitric  acid,  and  nitrate  of  lead'  poured  in,  to 
form  arseniate  of  lead,  part  of  which  being  held  in  solution  by  excess 
of  nitric  acid,  the  liquor  was  eyaporated  nearly  to  dryhess,  and  alcohol 
added,  which  occasioned  the  complete  separation  of  the  whole  of  the 
arseniate  of  lead  ;  the  remaining  solution  containing  the  copper  was 
then  boiled  with  potassa  and  the  oxide  of  copper  collected. 

1489.  Pharmacolitey  or  Nativt  Arseniate  of  Limey  was  submitted  to 
the  following  satisfactory  analysis  by  Klaproth. — Essays,  ii.  221. 

a.  100  grains  lost,  by  being  moderately  heated  in  a  porcelain  cruci- 
ble 22^  grains.  As  in  this  operation,  neither  by  the  smell  nor  by  the 
sight,  any  volatilization  of  any  principle  could  be  observed,  this  toss  of 
weight  must  have  l^een  caused  by  the  escaping  of  the  water  of  crystal- 
lization. On  the  other  hand,  the  specimens  had  undergone  no  other 
change  by  this  heating, 'except  their  surface  being  rendered  a  little 
duller.  But  the  places  spotted  red  from  the  cobaJtic  crust,  had  now 
assumed  a  light-bluish  colour. 

b.  Those  77^  grains  which  remained  after  the  Ignition,  dissolved  in 
nitric  acid,  leaving  a  grey  residue  of  6  grains  of  siliceous,  mixed  with 
argillaceous,  earth. 

c.  The  filtered  nitric  solution,  which  somewhat  inclined  to  the  red- 
dish, was  evaporated  to  a  smaller  volume,  and  mixed  with  a  solution  of 
acetate  of  lead  as  long  as  any  precipitation  ensued.  The  precipitate, 
-when  collected,  washed  and  dried  at  a  raised  temperature^  weighed 
1S8  grains.  It  consisted  of  arseniated  lead,  =  46.5  grains  arsenic 
acid. 

d.  What  remained  of  the  fluid  after  the  separation  of  the  precipi- 
tate, together  with  the  washings  (c)  was  evaporated  to  some  degree, 
daring  which  green-coloured  borders  appeared  on  the  inner  surface  of 
the  vessel.  In  order  to  separate  the  small  quantity  of  undecomposed 
acetate  of  lead,  it  might  yet  have  contained,  I  added  the  requisite  quan- 
tity of  muriatic  acid.  When,  upon  farther  evaporation  no  muriate  of 
lead  any  longer  appeared,  I  mixed  the' fluid  with  sulphuric  acid.  This 
produced  a  copious  precipitate  of  sulphated  lime,  which  being  collected 
on  the  ^ter,  washed  with'  weak  spirit  of  wine  and  heated  to  redness, 
weighed  64  grains.  Therefore,  since  in  100  parts  of  ignited  gypsum 
the  pure  <!alcareous  earth  amounts  to  42|  parts,  the  mentioned  54 
grains  determine  the  portion  of  lime  contained  in  the  fossil  examined 
at  23  grains. 

e.  The  remainder  of  the  liquor  was  neutralized  with  carbonate  of 
ao^,  and  reduced  to  the  state  of  siccity.  On  re-dissolving  in  water 
the  dry  saline  mass,  there  remained  a  powder  of  the  colour  of  flax- 
blossoms,  and  ^  grain  of  weight,  which  tinged  the  borax-glass  with  a 
fine  deep  blue,  and  thus  proved  to  be  an  oxide  of  cobalt 

Those  100  grains  of  pharmacolite,  submitted  to  this  analysis,  bave» 
therefore,  been  decomposed  into 

Acid  of  arsenic  .•«•••  46.50 

Lime 23 

Oxide  of  cobalt 0.60 

Aluminoua  ailex 6. 

Water   ...........  22.50 

98.50 
3  F 


3$S  AKALTSIS  OF  THE 

But  since  the  cobaltic  oxide  is  here  bat  casually  admixed,  as  also  the 
siliceous  earth  originates  merely  from  the  granitic  matrix,  it  Mows 
that,  after  subtracting  these,  the  proportions  of  the  constituent  pirU 
in  the  pure  phaimacolite,  are. 

Acid  of  arsenic 60.54 

Lime 25 

Water 24.46 

100. 


Section  XXIV.    Of  the  Combinaliofu  of  Molyhdetwm, 

1490.  The  naivoe  MolybdaU  of  Lead  (1076)  was  analyzed  neaily  as 
foUows  by  Mr.  Hatchett : 

a.  The  iron  and  molybdic  acid  Were  separated  by  the  action  of  hot 
sulphuric  acid ;  the  silica  and  lead  (in  the  state  of  sulphate,)  were  le^ 
undissolyed. 

h.  The  acid  liquor,  saturated  by  ammonia,  deposited  oxide  of  iron, 
which  being  separated,  the  whole  was  evaporated  to  dryness,  and 
heated  to  drive  off  sulphate  of  ammonia,  and  the  dry  residue  was  pure 
molybdic  acid. 

c.  The  undissolved  residue  of  a  was  boiled  with  carbonate  of  soda, 
and  afterwards  digested  in  diJute  nitric  acid :  the  carbonate  of  lead  wai 
dissolved,  and  the  silica  remained. 

d.  The  nitrate  of  lead  was  decomposed  by  sulphnnc  add,  and  when 
the  sulphate  of  lead  had  been  separated,  the  nesidnal  liquid  was  satu- 
rated with  anunonia,  which  threw  down  a  small  additimial  portion  of 
oxide  of  iron. 

The  results  of  this  analysis  were, 

Molybdic  acid -38.00 

Oxide  of  lead 58.40 

Oxide  of  iron 2.08 

Silica 0.28 


98.76 


1491.  The  analysis  of  the  ndphuret  of  mot^dentun  may  be  per- 
formed l^  the  action  of  nitric  acid,  which  separates  part  of  the  salpbnr, 
and  acidiJSes  the  remainder  as  weO  as  the  molybdemim  ;  the  qoanlitj 
of  su]]phur  being  ascertained  by  weighing  the  separated  portion,  uA 
precipitating  by  nitrate  of  baryta  that  iidbich  is  acidified,  the  loss  of 
weight  gives  the  proportion  of  molybdenum,  and  the  excess  of  wei^t 
of  the  molybdic  acid,  above  the  deficiency,  gives  the  proportion  of  oxj- 
gen  united  to  the  molybdenum  to  constitute  molybdic  acid.  Accordion 
to  Bucholz,  the  sulphuret  of  molybdenum  is  composed  of 

Molybdenum  .  •  .  .  .  60 

Sulphur 40 

^  

100 
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These  nombers  nearly  correspond  with  the  preceding  estimate  of 
the  composition  of  this  ore  (1078)  ;  and  if  we  consider  it  as  a  bi-sul- 
phnret,  it  will  consist  of 

1  Proportional  of  molybdenum  ....        s        47 

2 solphor 16  X  2  =  32 

79 


Section  XXV.    Cf  the  CwMnatianB  of  .Chromdum. 

1492.  Two  methods  of  analyzing  Chramaie  of  Lead  (1088)  have 
been  pointed  out  by  Vauqaelin  {Journal  des  Mineg,  No.  34.)  The 
first  consists  in  repeatedly  boiling  the  finely  powdered  ore  in  solution 
of  carbonate  of  potassa,  by  which  carbonate  of  lead  and  chi^mate  of 
potassa  are  formed ;  and  the  second,  by  digestingit  in  muriatic  acid,  by 
which  muriate  of  lead  is  produced,  and  the  chromic  acid  obtained  dia- 
aoWed  in  the  excess  of  muriatic  acid. 

1493.  Chromate  of  Iron  (1087)  is  a  more  refractory  compound,  but 
it  may  be  decomposed  by  the  alternate  action  of  potassa  and  muriatic 
acid  (Journal  den  Mines,  No.  55.)  The  ore,  in  fine  powder,  should  be 
heated  red  hot,  with  its  weight  of  caustic  potassa,  for  an  hour,  and 
the  residue  washed  with  water.  The  insoluble  portion  may  then  be 
boiled  in  muriatic  acid,  and,  when  no  longer  acted  upon,  washed,  dried, 
and  ignited  as  before  ;  by  the  alternation  of  these  processes,  it  will 
ultimately  be  resolved  into  an  alcaline  and  acid  solution ;  the  former, 
neutralized  by  nitric  acid,  lets  fall  a  portion  of  alumina  and  of  silica, 
and  holds  chromate  of  potassa  in  solution  ;  add  to  it  nitrate  of  lead,  by 
which  chromate  of  lead  is  thrown  down,  and  may  be  decomposed  by 
muriatic  acid.  The  muriatic  solution,  evaporated  and  diluted,  lets  £iU 
silica,  and  anunonia  throws  down  oxide  of  iron  and  alumina,  which  may 
be  separated  by  potassa ;  evaporate  to  dryness,  and  heat  to  separate 
muriate  of  ammonia ;  the  chromic  acid  remains. 


Sectioh  XXVI.     Of  Hu  Combinaiioni  of  Tungsten. 

1494.  a.  To  ascertain  the  component  parts  of  Tu$^$iaie  of  Lime, 
(1093)  Klaproth  digested  100  grains  of  it  in  fine  powder  with  hot  ni- 
tric acid,  and  then  decanted  the  supernatant  hquor  from  the  yellow  re- 
sidue ;  upon  which  last,  siter  edulcoration,  he  poured  liquid  ammonia, 
and  put  it  in  a  moderately  warm  place.  This  alcali  took  up  that  por- 
tion of  the  tungstic  oxide,  which  had  been  set  free  by  the  m^c  acid ; 
and  thus  caiused  the  yellow  colour  to  disappear.  The  residue  was 
treated  twice  more,  by  nitric  acid  and  ammonia.  In  this  way  the  total 
decomposition  of  the  fossil  was  effected  ;  so  that  only  2  grains  of  sfUca 
remained. 
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i.  The  nitric  solation  was  then  nentralized  with  ammonia.  Bat  ai 
no  change  ensued,  it  was  precipitated,  in  a  boiling  heat,  with  carbo^ 
nated  soda ;  and  the  precipitate  washed  and  dried.  It  weighed  33 
grains,  and  consisted  of  carbonate  of  lime,  which,  however,  on  re-dis- 
iolation  in  weak  nitric  acid,  deposited  1  grain  of  silica.  33  grains  of 
carbonate  of  lime  are  equivalent  to  17.60  grains  of  lime. 

c.  The  ammoniacal  solution  afforded,  by  evaponition  in  a  low  heat, 
slender  needle-shaped  crystab.'  When  thoroughly  desiccated  the 
mass  was  ignited  in  a  platinum  crucible.  The  tungstic  oxide  which 
then  remained  had  the  form  of  a  heavy,  greenish-yellow  powder,  and 
weighed  77}  grains. 

Consequently  the  100  grains  of  tungstate  of  lime  have  afforded 
Yellow  oxide  of  tungsten  (tungstic  add)  77.76 

Lime 17.60 

Silica 3. 

98.36 

1496.  The  examination  ot  wolf  ram  (1092)  has  not  as  yet  been  Teiy 
iatisfiM^torily  accomplished,  but  the  analysis  of  Messrs.  D'Elhoyus  is 
probably  not  far  from  the  truth  (Aftmotrei  de  VAcad.  de  TomIomc,  u.) 
Their  result  is  as  follows : 

.Tungstic  acid 64.0 

Oxide  of  manganese 22.0 

Oxide  of  Iron ' 13.6 


Sectiok  XXVIl.     Ctf  the  Combinatiom  of  Colwnhivm. 

1496.  The  original  analysis  of  the  ColumhiU  (1102)  from  North 
America,  by  Mr.  Hatchett,  is  detailed  in  his  paper  in  the  Phil.  Traat. 
for  1802. 

This  mineral,  which  is  a  compound  of  t^e  oxides  of  columbium, 
iron,  afid  manganese,  was  rendered  soluble  by  the  alternate  action  of 
fused  carbonate  of  potassa  and  muriatic  acid  ;  the  muriatic  solutkos 
contain  the  iron  and  manganese,  and  the  columbium  is  retained  in  com- 
bination with  the  potassa,  from  which  it  may  be  precipitated  by  mtric 
acid. 

Dr.  Wollaston  in  his  experiments  to  show  the  identity  of  columblma 
and  tantalum  {Phil.  Trans.  1809,)  mixed  6  parts  of  the  ore  with  25 
of  carbonaite  of  potassa,  and  10  of  borax.  The  resulting  mass  was 
softened  with  water  and  digested  in  excess  of  muriatic  acid,  which  took 
up  every  thing,  except  the  oxide  of  columbium.  The  muriatic  solu- 
tion was  neutralized  with  carbonate  of  ammonia ;  and  the  iron  $e* 
parated  by  succinate  of  ammonia  ;  after  which  the  manganese  was  se- 
parated by  prussiate  of  potassa.  The  results  of  this  analjais  are  giv«» 
above  (1090.) 


COMBIVATIOni  •F  NI«XEL«  38$ 


Sbctior  XXVIII.    Of  iU  CombiruUtans  of  Nickel. 

149?.  The  separation  of  nickel  from  cobalt  has  already  been  des* 
cribed  (1466)  and  the  analysis  of  meteoric  iron  has  also  been  elsewhere 
adverted  to  (1126).  It  remains  here  to  giye  a  general  formula  for 
the  analysis  of  ores  containing  nickel,  which  is  often  rendered  extreme- 
ly  complex,  from  th^  variety  of  substances  united  in  some  of  its  ores. 
The  following  general  directions  are  extracted  from  Messrs.  Aikin's 
THctumary  (Art  NicxEL,)  and  the  process  h9s  been  repeated  in  the 
Laboratory  of  the  Royal  Institution  with  sufficiently  satisfactory  results. 

i.  The  ore  being  ground  to  an  impalpable  powder  must  be  digested 
with  nitric  acid  considerably  diluted ;  nitrous  gas  will  be  given  out, 
and  by  two  or  tjiree  digestions  every  thing  soluble  will  be  t^ken  up. 

ii.  The  insoluble  portion,  consisting  for  the  most  part  of  sulphur 
and  silex,  is  to  be  dried,  weired,  and  then  heated ;  the  sulphur  (a) 
will  bum  off,  and  its  amount  may  be  ascertained  by  the  difference  of 
weight  before  and  aiier  ignition.  The  residue  after  being  boiled  in  a 
little  nitnc  acid  is  pure  sUe^  (b). 

iii.  Add  together  both  the  nitric  solutions,  neariy  saturate  the  liquor 
with  pure  soda,  evaporate  it  considerably,  and  then  pour  the  solution 
into  cold  distilled  water,  by  which  the  oxide  of  bismuth  (c)  will  be  pre- 
cipitated. 

iv.  To  the  filtered  solution  add  muriate  of  soda  drop  by  drop  as 
long  as  any  precipitate  falls  down ;  this  is  muriate  of  silver  {dy 

▼.  Now  evaporate  the  solution  nearly  to  dryness^  and  boil  it  with 
strong  nitric  acid  as  long  as  any  nitrous  gas  is  given  out :  during  the 
process  red  oxide  of  iron  (e)  will  be  precipitated. 

vi.  Having  removed  the  oxide  of  iron,  neariy  saturate  the  liquor 
with  soda,  and  pour  in  nitrate  of  lead  as  long  as  any  arseniate  of  lead 
(/)  is  precipitated,  which  separate  by  the  filter. 

vii.  The  nitrous  solution  beii^  now  decomposed  by  carbonated  soda, 
and  the  wasJMBd  precipitate  digested  in  liquid  ammonia,  oxide  of  iron 
{g)  mixed  with  alumine  (A)  will  be  left  behind,  which  may  be  separat- 
ed in  the  usual  way  by  potassa. 

viii.  The  ammoniacal  solution  is  to  be  slightly  supersaturated  with 
nitric  acid,  and  a  bar  of  iron  being  immersed  in  it  will  separate  the  cop- 
per (t) ;  after  which  the  liquor  is  to  be  decomposed  by  carbonated 
soda,  and  the  precipitate  again  digested  in  ammonia,  that  Uie  iron  used 
for  separating  the  copper  may  be  got  rid  of. 

ix.  The  solution,  containing  now  only  nickel  and  cobalt,  is  to  be 
treated  according  to  Mr.  R.  Phillips's  {Phil.  ^ag.  xvi.  p.  312,)  method 
as  follows  :  Evaporate  the  liquor  till  tne  excess  of  ammonia  is  driven 
off,  which  may  be  known  by  the  vapour  ceasi^  to  discolour  moist  tur- 
meric paper ;  then  largely  dilute  it,  and  pour, in  pure  potash  or  soda, 
as  long  as  any  precipitation  takes  place  ^  what  fidls  down  is  oxide  of 
•ickel  (lb). 

X  The  cobalt  (/)  aJone  remains  in  solution,  and  may  be  readily  se^ 
parated,  by  accurately  saturating  the  liquor  with  nitric  acid,  and  then 
adding  carbonated  soda. 

The  above  general  mode  of  proceeding  is  also  applicable  to  the 
analysis  of  ntekel  ochrt,  except  that  it  should  first  of  all  be  digested  in 
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Water,  to  dissolve  oat  any  sulphate  of  nickel  which  it  may  accidentally 
contain. 

1498.  The  results  of  the  following  analysis  of  the  crystaUxzed  ra/- 
phaU  of  nickel,  which  was  made  wim  a  view  to  verify  the  equivalent 
number  of  the  metal,  are  given  above  ( 1 125). 

a.  100  grains  of  the  crystals  were  heated  in  a  porcelain  crucible,  to 
dull  redness,  for  ten  minutes  ;  they  crumbled  into  a  pale  green  pow- 
der, perfectly  soluble  in  water,  consequently  no  acid  had  been  ei^eD- 
ed,  and  lost  46  grains  =  water  of  crystallization. 

k  The  remaining  55  grains  of  dry  salt  were  dissolved  in  two  ounces 
of  water,  to  which  nitrate  of  baryta  was  added,  as  long  as  it  occaaioD- 
ed  a  precipitation ;  the  sulphate  of  baryta  thus  formed  being  collected, 
washed,  dried,  ignited,  and  weighed,  amounted  to  B3  grains  s  28.25 
sulphuric  acid. 

c.  The  filtered  solution  from  which  the  sulphuric  acid  had  been 
thrown  drown  in  the  last  process,  was  now  mixed  with  a  little  sulphate 
of  soda,  to  separate  excess  of  baryta,  filtered,  concentrated  by  evapo- 
rating, and  rendered  alcaline  by  potassa ;  the  precipitated  oxide  of 
nickel  was  then  thoroughly  edulcorated,  dried,  imd  exposed  to  a  dull 
red  heat,  till  it  ceased  to  loose  weight ;  it  amounted  to  26.5 1 

The  salt,  therefore,  was  thus  decomposed  into 

Water  of  crystallization  ....  45.00 

Sulphuric  acid 28.25 

Oxide  of  nickel 26.50 

99.75 


Section  XXIX.     Of  the  Cambinatumi  of  Mercury. 

1499.  What  is  termed  native  mercury  is  usually  an  amalgam,  con- 
taining a  variable  portion  of  silver,  and  often  a  trace  of  gold;  it  may 
be  analyzed  by  exposure  to  heat,  which  dissipates  the  mercury,  leav- 
ing silver  and  gold,  separable  by  the  action  of  dilute  nitric  acid. 

If  the  amalgam,  besides  gold  and  silver,  contain  bismuth,  its  quanti- 
ty may  be  judged  of  by  solution  in  nitric  acid,  concentration  by  heat, 
and  pouring  the  solution  into  a  large  quantity  of  pure  water,  by  which 
the  greater  part  of  the  bismuth  will  be  thrown  down  in  the  form  of 
white  oxide ;  but  the  analysis  of  complex  amalgams  is  much  simplified 
by  previously  expelling  the  mercury  by  heat,  taking  care  that  no  other 
metal  evaporates  with  it,  which  is  sometimes  the  case  at  high  tempe- 
ratures. 

1500.  The  analysis  of  Naiive  Cinnabar  (1182)  may  be  effected  in 
the  following  manner : 

a.  Reduce  it  to  powder,  and  digest  it  in  a  sand  heat  with  dilute  ni- 
tric acid ;  wash  the  insoluble  portion  with  hot  water,  and  add  the  wash- 
ings to  the  nitric  solution ;  sulphur  will  thus  be  separated,  which  may 
be  dried  and  weighed ;  it  may  possibly  contain  silica,  and  a  little  oxide 
of  iron ;  if  so,  these  are  left  after  the  combustion  of  the  sulphar^  and 
may  be  separated  by  dilute  muriatic  acid. 
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b.  Add  carbonate  of  potas^a  in  excess  to  the  nitric  solution,  collect 
and  diy  the  precipitate,  haying  previonslj  boiled  it  for  a  minute  or  two 
in  the  alcaline  liquor^^od  mix  it  with  a  little  charcoal :  put  the  mixture 
into  a  small  coated  retort,  and  at  a  red  heat  the  mercury  may  be  dis« 
tilled  over ;  the  residue  may  be  examined  for  alumina,  lime,  oxide  of 
iron,  or  other  extraneous  matters. 

1501.  The  J^Taiive  Murio-sulphate  of  Aferciiry  (1166)  may  be  dis- 
solved in  acetic  acid,  by  which  a  portion  of  metallic  mercury  is  usually 
separable  firom  it ;  nitrate  of  baryta,  added  to  the  acetic  solution,  se- 
parates the  sulphuric  acid  in  the  state  of  sulphate  of  baryta,  which 
being  removed,  nitrate  of  silver  will  throw  down  chloride  of  silver ; 
immerse  a  plate  of  iron  into  the  remaining  solution  to  precipitate  me- 
tallic mercury,  or  throw  it  down  by  carbonate  of  potassa,  and  distil  with 
a  little  charcoal. 

150!S.  The  assay  of  mercurial  ores  may  be  effected  by  mixing  the 
powdered  sample  with  half  its  weight  of  a  mixture  of  equal  parts  of . 
lime  and  iron  filings,  and  submitting  it  to  distillation  in  the  open  fire,  in 
a  coated  g^ass  retort. 


Section  XXX.     Of  the  Combinations  of  Silver. 

1505.  As  instances  of  the  analysis  of  complex  silver  ores,  I  have 
selected  that  of  the  bismuthic  silver,  and  of  the  white  silver  ore,  from 
Klaproth  (^Esaays^  i.  556,  145.)  whose  paper  on  the  composition  of  va- 
rious silver  ores  may  be  strongly  recommended  to  the  attentive  perusal 
of  the  student 

a.  Upon  300  grains  of  the  BistMUkie  Silver  from  Schapbach,  in  the 
Black  Forest,  I  poured  three  ounces  of  nitric  acid,  diluted  with  one  of 
water ;  a  great  part  of  it  dissolved,  even  in  the  cold  ;  the  residue  was 
again  digested  with  one  onnce  of  the  same  acid,  in  a  gentle  heat ;  both 
flolations  were  filtered,  mixed,  and  evaporated  to  a  smaller  ? olume  ; 
during  which  process  there  separated  some  crystalline  grains  of  nitrate 
it  lead. 

h.  The  concentrated  solution  had  a  greenish  colour  ;  when  diluted 
with  as  much  water  as  was  requisite  to  re-dissolve  that  crystalline  sedi- 
ment, it  was  poured  into  a  large  quantity  of  water  ;  this  immediately 
acquired  a  imlky  appearance,  and  deposited  a  white  precipitate,  which 
weighed  44.5  grains,  when  collected,  lixiviated,  and  dried  in  the  air, 
and  proved  on  fiirther  examination  to  be  oxide  of  bismuth. 

c.  Into  the  liquor  that  had  been  freed  from  this  oxide,  and  was  clear 
and  colourless,  I  dropped  muriatic  acid,  as  long  as  it  was  rendered  tur- 
bid by  it :  the  precipitate  did  oot  appear  to  be  mere  muriate  of  silver, 
Ibr  this  reason  I  digested  it  .with  nitric  acid  ;  a  considerable  portion 
was  thus  re-dissolved,  and  left  pure  horn-silver  behind  ;  which,  upon 
careful  collection,  and  desiccation  in  a  brisk  heat,  weighed  46  grains : 
thus,  the  portion  of  pure  silver  is  determined  at  34.5  grains. 

d.  The  nitric  acid,  that  had  been  affosed  upon  the  precipitate  obtain- 
ed by  the  muriatic  c,  yielded  by  dilution  with  much  water  32  grains 
more  of  oxided  bismuth ;  which;  with  the  preceding  44.5  6,  gave  to- 
j^ther  76.5  grains. 
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e.  T^e  remaioder  of  tibe  fluid  was  farther  reduced  by  eTaperatiea, 
end  in  this  process  mahate  of  lead  separated  from  it  in  crystiils ;  this 
liquor  was  then  combined  with  such  a  quantity  of  sulphuric  acid  as  wu 
^  requisite  to  re-dissolve  those  crystals,  and  a  second  time  evaporated; 
the  precipitate  which  thence  ensued  was  sulphate  of  lead,  weighii^  19 
grains,  when  du)y  collected,  washed,  and  dried. 

/  What  still  remained  of  the  solution,  after  its  having  been  freed 
from  the  lead  before  contained  in  it,  was  saturated  with  caustic  ammo- 
liia  added  in  eicess  :  in  this  way  a  brown  ferruginous  precipitate  was 
produced  which  was  rapidly  attracted  by  the  magnet,  and  weighed  H 
grains,  when  afler  previous  desiccation,  it  had  been  moistened  with 
linseed  oil,  and  well  ignited :  for  these  we  must  reckon  10  grains  of 
metallic  iron. 
*  *^/.  -A  E*  ^^^  liquor  which  had  been  supersaturated  with  ammonia,  and 

#•  /.  -  wmch  by  its  blue  colour  showed  that  it  held  copper  in  solation,  was 
next  saturated  to  excess  with  sulphuric  acid  ;*on  iinmersing  then  a 
piece  of  polished  iron  into  it,  two  grains  of  copper  were  deposited. 

A.  The  grey  residue  of  the  ore,  that  was  left  behind  by  the  nitric 
acid  a  weighed  178  grains  ;  but  when  its  sulphureous  pathadbeei 
deflagrated  in  a  crucible  gently  heated,  it  weighed  only  140.5  gnins; 
this  determines  the  portion  of  sulphur  at  37.5  grains. 

t.  These  140.5  grains  were  digested  with  3  ounces  of  mariatic  acid 
in  a  heat  of  ebullition,  and  this  process  was  repeated  once  more  with 
1.5  ounces  of  the  same  acid  ;  these  solutions,  by  means  of  erdiponir 
tion,  yielded  muriate  of  lead  in  tender  Sf»cular,  and  likewise  in  broad 
■tnated,  crystals ;  which,  when  again  dissolved  in  the  requisite  qaan- 
tity  of  boiling  water,  then  combined  with  sulphuric  acid,  and  evapo- 
rated, yielded  89  grains  of  sulphated  lead ;  thus  the  whole  quantity  of 
this  sulphate,  including  the  19  grains  mentioned  at  e,  amounted  to  108 
grains  ;  for  which,  according  to  comparative  experiments,  76  f^aina  of 
reguline  lead  must  be  put  in  the  computation. 

k.  That  portion  of  the  ore  examined,  which  still  remained  after  all 
the  constituent  parts  before-mentioned  have  been  discovered,  consist- 
ed merely  of  the  grey  quartzose  matrix,  the  weight  of  which,  in  the 
ignited  state  amounted  to  70  grains. 

Therefore  those  300  grains  of  bismuthic  silver  ore  mentioaedaib^Te 
were  decomposed  into 

Lead,f 76. 

Bismuth  d    .  .  .  . ' 62.20 

Silver,  c 34.60 

Iron,/ 10. 

Coppery 2. 

Sulphur,  h 37.60 

Qjuartsose  matrix,  k 70. 

t 
292.20 

It  follows,  from  this  statement,  that,  exclusively  of  the  quartzoie 
gangue,  the  constituent  parts  of  the  bismuthic  silver  are  in  the  100, 
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Lead 33. 

Bismuth •  .  .  .  27. 

Silrer 16.  ^ 

Iron 4.30  * 

Copper 0.90 

Sulphur 16.30 

96.60 
1604.  Klaproth  treated  the  white  silver  ore  from  Freyberg,  nearly 
as  foDows : 
a.  The  ore  was  brittle,  and  easily  levigated  into  a  blackish  powder. 
6.  Upon  400  grains  in  powder  he  poured  4  ounces  of  nitric  acid, 
and  2  of  water ;  after  sufficient  digestion  in  a  gentle  heat,  the  solution       ' 
was  decanted,  and  the  residue  again  treated  with  2  ounces  "of  the  ficid ;  * 

this  mixture  was  next  diluted  with  eight  parts  of  water,  and  digested 
for  dome  time  ;  he  then  separated  the  undissolved  residue,  consisting 
of  a  greyish-white  powder,  which,  after  washing  and  drying,  ^weighed 
326  grains. 

c.  The  solution,  wl^ch  was  nearly  colourless,  was  combihed  with 
common  salt,'  by  which  muriated  silver  was  produced ;  and  the  next 
day- crystals  of  muriate  of  lead  were  found;  on  this,  therefore,  he 
boiled  the  whole  precipitate  in  a  lai^ge  quantity  of  water,  by  means  of 
which  the  muriated  lead  was  re-dissolved,  and  separated  from  the  mu- 
riate of  silver,  collected  on  the  filter :  this  last,  when  reduced  by  fu- 
sion with  soda,  yielded  81.5  grains  of  reguline  silver. 

d.  What  remained  of  the  solution,  together  with  the  liquor  obtained 
by  the  decoction  of  the  horn  silver,  he  evaporated  in  part ;  and  by 
adding  a  saturated  solution  of  sulphate  of  soda,  obtained  from  it  45 
grains  of  sulphate  of  lead,  wbich^  upon  reduction,  afforded  32  grains 
of  lead  in  the  metallic  state. 

e.  The  remaining  part  of  the  solution  was  saturated  with  pure  am- 
monia, upon  which  a  light-brown  precipitate  fell,  weighing  40  grains, 
when  edulcorated  and  ignited  in  a  low  heat ;  as  that  precipitate  had 
the  appearance  of  a  mixture  of  iron  and  alumina,  he  dissolved  it  again 
in  nitric  acid,  and  precipitated  .first  the  iron  by  pmssiate  of  potassa^ 
and  aAerwards,  by  the  addition  of  soda,  a  loose  earth,  which,  when 
desiccated  and  ignited,  weighed  28  grains,  and  upon  trial  with  sulphu- 
ric acid,  was  found  to  be  sduminous  earth ;  this  being  subtracted  from 
the  above  40  grains,  leaves  12  for  the  oxide  of  iron,  which  may  be  es* 
limated  at  9  grains  of  metallic  iron. 

/.  After  this  the  residue  that  remained  from  the  solution  of  the  ore» 
dissolved  in  nitric  acid  6,  was  subjected  to  a  closer  examination :  Kla- 
proth attempted  to  decompose  it  by  muriatic  acid,  repeatedly  poured 
upon  it,  and  in  every  instance  digested  over  it  in  a  heat  of  ebullition. . 
The  process  was  rendered  somewhat  difficult  by  the  crystals,  which 
were  deposited  from  the  solution  as  soon  as  the  heat  i(ell  below  the 
boiling  point;  similar  crystals  likewise. shot  on  the  paper,  through 
which  the  solution,  though  yet  boiling,  was  filtered,  and  he  gradually 
re-dissolved  them  in  warm  muriatic  acid  ;  at  last  there  remained  51 
grains  x>f  sulphur,  leaving,  after  deflagration  upon  a  test,  two  grains  of 
a  grey  residue,  one  of  wluch  dissolved  in  muriatic  acid,  and  was  added 
to  the  preceding  solution ;  the  other  grain  was  siliceous  earth.  The 
true  quantity  of  the  8ulphur>  therefore,  amounted  to  49  grains. 

3G 
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g.  While  the  nrariatic  solution  was  cooling,  it  deposited  a  quantity 
of  acicular  crrstals ;  these  being  separated,  one  half  of  the  remainkng 
r  floid  was  distilled  over  in  a  small  retort,  and  from  the  solution  thus  coa- 
*'  centrated  more  crystals  similar  to  the  first  were  deposited ;  this  treat- 
ment was  continued  until  no  more  crystals  would  form ;  when  these 
crystals,  collected  together,  were  mingled  with  twice  their  weight  of 
black  flux,  and  reduced  in  an  assay-crucible,  thinly  lined  with  char- 
coal-dust, they  afforded  160|  grains  of  lead;  this  lead,  subjected  to 
cnpellation,  emitted  at  the  first  application  of  heat  a  few  antimonial 
▼apours ;  it  then  fined  quietly,  and  \efi  a  button  of  silver,  weighing  ^ 
of  a  grain  ;  this  determines  the  proportion  of  lead  at  160.25  grains  ; 
from  which,  however,  a  trifling  quantity  should  be  deducted  ibr  the 
portion  of  antimony  before-mentioned,  though  itconld  not  be  well  de- 
termined, besides  that  it  could  not  weigh  much  above  half  a  gndo. 

k.  The  fluid  separated  from  the  muriate  of  lead,  concenti^ted^  and 
diluted  with  a  large  quantity  of  water,  deposited  its  metallic  part,  which, 
in  the  form  of  a  subtle  white  powder,  was  only  oxide  of  antimony,  and 
being  kneaded  into  a  ^asa  with  soap,  was  reduced  in  a  hited  msajsog" 
crucible,  by  means  of  black  flux,  into  28.5  grains  of  pure  regQline  aa- 
timony  ;  some  more  small  globules  were  found  adhering  to  the  lid  of 
the  vessel,  of  which  I  collected  3  grains ;  but  still  a  small  portion  ap- 
peared to  have  escaped  through  the  joinings,  and  for  this  reason,  the 
true  amount  of  antimony  which  I  obtaii^ed  may  be  reckoned  at  some- 
what more  than  the  31.5  grains. 

Hence  the  product  of  the  400  grains  of  the  white  silver  ore  here 
analyzed  consisted  of 

Silver  .  .  .J'^  •  •  '  •     ^^\l      8Ugw, 

<5r  •  •  •  •       i > 

Reguline  antimony  h 31^ 

Iron,  e 9 

Sulphur,/ 49 

Alumina,  e 28 

Silex,/ 1 
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Which  in  100  parts  makes 

Silver 20.40 

Lead 48.06 

Antimony 7.88 

Iron 2.26 

Sulphur 12.25 

*  Alumine 7. 

Silex 0.25 

98.09 
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Section  XXXL     Of  the  Combinations  of  Gold. 

1505.  In  the  Section  on  the  combinations  of  Tellurium,  I  have 
quoted  Klaproth's  analyses  of  some  of  its  ores  containing  gold  ;  the 
only  proper  ore  of  this  metal  is  native  goW,  (1275)  which  is  occasion- 
ally found  in  veins,  but  of  which  by  far  the  greatest  proportion  occurs 
dispersed  in  a  granular  form  through  certain  alluvial'  strata  In  this 
state,  silver  and  copper  are  the  principal  metals  with  which  it  is  combin- 
ed, and  the  analysis  is  sufficiently  simple  ;  the  ore  may  be  digested  in 
nitro-muriatic  acid ;  the  solution  evaporated  nearly  to  dryness,  and 
again, diluted,  leaves  the  silver  in  the  state  of  chloride  ;  a  strong  solu- 
tion of  proto-sulphate  of  iron  may  then  be  used  to  throw  down  the 
gold  (1276),  and  the  copper  may  be  separated  by  immersing  a  plate  of 
iron  into  the  last  filtered  liquor. 

If  the  proportion  of  silver  and  copper  alloyed  with  the  gold  be  con- 
siderable, the  analysis  mav  be  simplified  by  using  nitric  acid  in  the  first 
instance,  which  extracts  the  silver  and  copper,  leaving  the  gold  untouch- 
ed :  muriatic  acid  may  then  be  poured  in,  to  throw  down  the  silver, 
and  the  copper  separated  by  iron,  as  before  ;  or  by  precipitation  by 
potaMa,  and  ignition,  which  gives  it  in  the  state  of  peroxide. 


Section  XXXII.    Of  the  Comlnnations  of  Platinum^ 

1506  We  are  indebted  to  Dr.  Wollaston  and  to  Mr  Tennant  {Phil. 
Trans.  1803  )  for  our  knowledge  of  the  component  parts  of  the  ore  of 
pkUtnum^  as  imported  from  South  America.  In  this  state  it  generally 
contains  the  following  metals,  exclusive  of  small  particles  of  silica,  and 
a  variable  portion  of  mercary,  viz.  :  platinum;  gold,  palladium,  rho- 
dium, iridium,  osmium,  iron,  copper,  and  lead  ;  and  the  following  is 
the  process  for  tiieir  separation  : 

The  mercury  may  be  driveti  off  by  beat,  a  process  which  renders 
the  platinum  yellower  in  consequence  of  the  appearance  of  the  grains 
of  gold  ;  it  may  then  be  digested  in  nitro-muriatic  acid  diluted  with  its 
bulk  of  water,  which  takes  up  gold,  iron,  and  a  little  platinum  ;  if  the 
remainiii^  ore  be  now  digested  in  nitro-muriatic  acid  by  far  the  largest 
portion  will  be  dissolved,  and  there  will  remain  a  black  powder  :  to  the 
nitro-muriatic  liquor  add  a  solution  of  muriate  of  ammonia,  which  will 
occasion  the  separation  of  the  greater  part  of  the  platinum  in  the  state 
of  a  very  difficultly  soluble  ammonio-muriate,  and  which  may  be  sepa- 
rated upon  a  filter ;  in  the  filtrated  liquor  immerse  a  plate  of  zinc, 
which  vrill  throw  down  lead,  rhodium,  palladium,  and  a  portion  of  pla- 
tinttm  ;  the  lead  may  be  separated  by  very  dilute  nitric  acid ;  dissolve 
the  residue  in  nitro-muriatic  acid,  add  common  salt,  and  evaporate  to 
dryness  ;  this  residue,  composed  q{  the  sodcL-^nuriates  of  platinum, pal- 
ladiv/m^  and  rhodium^  is  to  be  digested  in  alcohol,  which  dissolves  the 
triple  salts  of  platinum  and  palladium,  but  not  that  of  rhodium  0213), 
which  therefore  is  thus  separated ;  to  the  alcoholic  s^lutioa  add  soU-^ 
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tioD  of  muriate  of  ammonia,  which  throws  down  the  pl'dlinum,  and 
leaved  the  palladium  in  solution,  which  may  be  precipitated  by  ferrocj- 
^  anate  of  potassa  (1216). 

The  insoluble  black  powder,  by  alternate  fusions  with  potassa,  and 
boiling  in  muriatic  acid  is  resolved  into  osmium  (1206)  soluble  io  the 
alcali,  and  iridiwn  (1209)  in  the  acid. 


Section  XXXIII.     Of  Siliceous  and  Aluminous  CofMnaiions. 

1 507.  The  ready  solubility  of  silica  by  fusion  with  the  fiz^  alcdis, 
and  its  insolubility  in  the  greater  number  of  the  acids,  render  itssepa- 
.ration  in  most  cases  of  analysis  eitremely  easy;    Muriatic  acid,  under 
certain  circumstances,  is  capable  of  retaining  a  considenUe  quantity 
of  silica,  and  the  solution,  when  evaporated,  assumes  a  gehtinous  ap- 
pearance ;  if  ammonia  be  then  added,  and  the  whole  evapemted  and 
heated  red'-hot,  the  silica  is  obtained  pure,  and  not  again  a^aUe  iaihe 
acid* 

1608.  Alumma,  like  silica,  is  soluble  in  potassa,  and  the  addition  o( 
acids  to  the  mixed  alcaline  solution  throws  down  a  compound  which  is 
not  entirely  decomposed  by  the  action  of  those  acids,  which,  under 
ordinary  circumstances,  readily  dissolve  alumina  without  actizig  upon 
silica ;  a  circumstance  of  which  it  is  necessary  to  be  aware,  in  certain 
cases  of  analysis. 

1509.  If  silica  is  predominant  in  a  stone,  it  is  in  general  reodered 
easily  soluble  by  heating  it  in  fine  powder  with  potassa ;  but  there  are 
some  of  the  hard  aluminous  compounds  which  are  very  difficultly  acb 
ed  on  in  this  way ;  Mr.  Cheneviz  found  minerals  of  this  class  were 
most  readily  attacked  by  borax.  One  part  of  the  jnineral  in  ioe  pow» 
der,  mixed  with  about  three  parts  of  glass  of  borax  is  to  be  sitroi^ 
heated  in  a  platinum  cruciUe ;  the  contents,  when  cold,  are  perfediy 
soluble  by  long  digestion  in  muriatic  acid  ;  the  addition  of  caitoste 
of  ammonia  throws  down  the  dissolved  earths,  which  may  be  collect- 
ed,  re-dissolved  and  examined  as  usud*  Sir  H.  Davy  haa>  in  miihir 
cases,  recommended  the  use  of  boracic  acid. — PkiL  TVmt.  1805. 

1510.  There  are  a  few  minerals  wUch  coirtain  fluorine^  or  fluoric 
acid,  (646)  the  presence  of  which  is  ascertained  by  heatiotg  theiiib*- 
•tance  in  fine  powder  with  sulphuric  acid,  either  before  or  after  Hs  fa- 
aion  with  potassa,  when  vapours  which  act  upon  and  corrode  gM  ifiU 
be  liberated.  To  ascertain  the  proportion  of  fluoric  acid  in  a  miaeraL 
it  may  be  fused  with  potassa,  and  treated  by  muriatic  acid,  to  separate 
silica ;  to  the  remaining  liquid  add  excess  of  carbonate  of -potassa,  aod 
filter,  neutralize  the  filtrated  liquor  with  muriatic  acid,  aod  add 
muriate  of  lime,^which  wOl  occasion  a  precipitate  of  fluate  of  time, 
the  purity  of  which  is  to  be  ascertained,  and  the  4}uantity  of  fiuoriae 
and  fluoric  acid  inferred  from  it 

151 1.  Boracic  acid,  originally  found  in  the  BoraeiU  (696)  by  West- 
rurnb*  has  also  been  discovered  by  Klaproth  in  DatoliU  (xxiv.  p.  319.) 
and  in  BotryoUfe,  and  m6re  lately  by  Arfwedson  and  Berzetios  in  ihe 
green  Tourmaline  and  Rubelite.  The  following  ia  a  sketdi  of  M.  Arf* 
wedson's  analysis. 
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A  portion  of  the  ^reea  tourmaline  in  fine  jpowder,  was  strongly 
heated  far  an  hour,  with  four  times  its  weight  of  carbonate  of  baryta  ; 
the  mass  was  dissolved  in  muriatic  acid,  and  the  solution  evaporated 
to  dryness ;  water,  acidulated  with  muriatic  acid,  then^lissolved  every 
thing  but  the  silica. 

The  baryta  was  separated  from  the  solution  by  sulphuric  acid^  and 
the  other  earths,  with  the  oxides  of  iron  and  manganese,  by  an  excess 
of  carbonate  of  ammonia ;  the  solution  being  separated  from  the  pre- 
cipitate, and  evaporated  to  dryness,  a  sulphate  was  obtained,  which^ 
when  again  treated  with  ammonia  as  before,  dried,  and  heated  red,  re- 
dissolved  in  water  without  leaving  any  residuum ;  this  solution  was 
freed  from  its  sulphuric  add,  by  acetate  of  baryta,  and  the  filtered 
liquid  evaporated ;  a  gummy  mass  was  obtained,  which,  by  cdcination 
in  a  platinum  crucible,  was  decomposed,  and  afforded  a  fused  alcaline 
mass,  which  ^proved  to  be  lithia.  '*  I  began  to  consider  my  work 
almost  finished,  (adds  Mr.  Arfwe^fion)  when,  on  drying  and  heating  a 
portion  of  the  tdcaline  solution,  1  observed,  at  the  moment  the  mass 
began  to  fuse,  that  it  swelled  up  like  borax,  and  left  a^ass,  after  cal- 
cination, of  the  same  appearance  as  vitrified  borax  ;  it  was  very  proba« 
ble,  therefore,  that  the  mineral  contained  boracic  acid,  and  I  ascertained 
it  by  heating  the  fused  mass  with  muriatic  acid,  which  gave  me,  by  eva- 
poratiott,  a  salt,  partiy  soluble  in  alcohol,  to  which  it  impiuted  the 
property  of  burning  with  the  greenish  flame  so  characteristic  of  boracic 

To  obtain  the  quantity  o(  this  acid;  a  portion  of  the  mineral  was 
fused  with  bi-salphate  of  potassa ;  the  mass  boiled  with  alcohol,  and 
the  filtered  liquid  evapdhited  to  dryness ;  a  substance  remained  equal 
to  1.1  |Mf  c€nt.  of  the  we^t  of  the  tourmaline,  and  baring  all  the 
properties  of  boracio  acid.-<--nj9fifia/ef  lie  O^tmte,  Vol.  x«,  p.  98. 

1612.  To  the  above  observations,  i  shall  add,  as  specimens  of  prac- 
tical analysis,  two  instances  from  Klaproth's  E$9aysy  viz.^  his  analysis 
cf  the  ^ndl  and  of  KryoiiU :  ^ 

a.  100  grains  of  reug^  spinellfrom  Ceylon,  in  picked  crystals,  pre* 
vioody  pounded  to  a  course  powder  in  a  steel  mortar,  were  triturated 
with  water  to  an  impalpable  powder  in  a  grinding-dish  made  of  flint ; 
after  the  powder  of  the  stone,  which  was  ^ab  dried,  had  been  gently 
ignited,  it  showed  an  increase  of  weight  of  nine  grains,  ariring  from 
the  particles  ahiraded  from  tiie  substance  of  the  grinding-vessel.  • 

6.  i  then  digested  the  powder  with  two  ounces  of  muriatic  acid ; 
when  the  acid  was  evaporated  nearly  ta  dryness,  J  diluted  the  mass 
with  water,  threw  it  upon  the  filter,  and  saturated  the  yellow  muriatic 
solution  with  caustic  ammonia ;  a  brown  flocculent  oxide  of  iron  fell 
dowv,  which,  collected  and  ignited,  weighed  h26  grains. 

e.  The  liquor  separated  from  that  precipitate  was  concentrated  by 
evaporation,  perfectly  neutci^ized  with  muriatic  acid,  and  lastly  com*- 
bioed  with  dissolved  x>xalate  of  potassa ;  in  consequence  of  this,  oxa- 
late of  lime  precipitated,  which,  when  carefully  collected,  and  heated 
to  redness  in  the  cavity  of  a  compact  piece  of  charcoal,  with  the  as- 
sistance of  the  blow-pipe,  afforded  .75  of  a  grain  of  Hme. 

d.  Upon  the  powder  of  the  stone,  extracted  by  the  muriatic  acid, 
was  poured  ten  times  its  quantity  of  alcalioe  ley,  one  half  of  which 
consisted  of  caustic  potassa,  which  mixture  being  first  evaporated  to 
dryness  in  m  silver  vessel,  was  afterwards  ignited  during  the  space  of 
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an  hoar ;  when  the  mass  had  been  again  softened  with  hot  water,  it  left 
on  the  filtering  paper  64  grains  of  a  yellow  residue  when  dried  in  the 
air. 

e.  These  64  grains  were  a  second  time  mixed,  and  inspissated  with 
a  tenfold  quantity  of  the  same  caustic  lixivium,  and  afterwards  ignited ; 
upon  which  the  mass,  softened  again  with  water,  deposited  a  residue  of 
a  fine  pnlyerulent  form,  weighing  43  grains  when  dried  in  the  air. 

/.  I  then  neutralized  the  yellow  alcaline  solution  {d  and  e)  by  meanf 
of  sulphuric  acid,  and  by  affusing  more  acid,  made  a  clear  solotioD  of 
the  precipitate,  which  then  formed  ;  carbonate  of  potaasa  added  in  a 
boiling  state  threw  down  from  it  a  precipitate  of  a  very  great  bulk, 
which  after  edulcoration  was  again  dissolved  in  sulphuric  acid ;  thii 
solution  exhibited  a  slimy  toughness,  but  it  became  perfectly  fluid,  when 
exposed  to  a  raised  temperature,  and  deposited  a  subtle  white  powder, 
which,  after  washing  and  desiccation  in  the  air,  weighed  96  grma :  the 
sulphuric  acid  fluid,  when  separated  from  it,  was  set  aside  krtime. 

g.  The  above-mentioned  96  grains  were  then  gently  isuted  with 
thrice  their  quantity  of  caustic  potassa ;  when  again  Ikpiified  with 
water,  and  filtered,  there  remained  only  a  slif^t  reaidue,  wlach  after 
washing,  dissolved  in  sulphuric  acid,  with  the  exception  of  t&w  re- 
maining particles. 

h.  The  portion  taken  up  by  the  potassa  in  Hie  alcaline  solutioaf  was 
precipitated  bv  means  of  sulphuric  acid  ;  but  it  dissolved  again  in  the 
acid,  when  added  to  excess,  and  was  afterwards  precipitated  by  boiliBg 
with  carbonated  alcali :  this  precipitate,  previously  washed,  was  once 
more  dissolved  in  sulphuric  acid. 

•'.  The  whole  of  the  sulphuric  solutions,  obfauned  at/gh,  was  eva- 
porated to  a  smaller  compass ;  the  gelatinous  consistence  into  which  it 
congealed  showed  that  a  separation  of  siliceous  earth  had  taken  place : 
it  was  therefore  largely  dilated  with  water,  digested,  and  the  sikx  col- 
lected upon  the  filter. 

k.  This  done,  the  sulphuric  solution  was  put  in  a  state  to  crystallize, 
by  dropping  into  it  a  solution  of  acetate  of  potassa,  and  evaporatiog  it 
slowly ;  it  yielded  at  first  r^:ular  and  pure  crystals  of  alum ;  betas  the 
solution  assumed  a  green  colour  towards  die  end,  I  combiBed  it  with 
Prussian  alcali ;  a  trifling  precipitation  ensued,  of  which  te  aiide  of 
iron  could  not  be  estimated  more  than  at  one-fourth  of  a^rain;  the 
solution  being  now  ft*eed  of  its  ferruginous  ingredient,  was  next  decom- 
posed in  a  boiling  heat  by  carbonated  potassa,  and  the  precipitate,  when 
dissolved  anew  in  sulphuric  acid,  was  brou^t  to  a  final  cryBtattitatio&, 
after  which  the  alum  then  obtained  was  added  to  the  foKffoing. 

/.  1  now  proceeded  to  the  analysis  of  the  43  grains,  that  were  left 
undissolved  by  the  caustic  alcaline  ley  e.  These  readily  dissolved  in 
dilute  sulphuric  acid,  leaving  some  siliceous  earth  behind  ;  the  solatioD, 
separated  from  this  last,  was  then  combined  with  a  soiaU  portion  of 
acetated  potassa,  and  exposed  to  spontaneous  crystallissatioa  by  exfaab* 
tion  in  the  open  air.  At  first  there  yet  appeared  some  solitary  crystah 
of  alum ;  but  afterwards  it  entirely  shot  into  sulphate  of  maigQesia 
(Epsom  salt). 

m.  To  separate  the  sulphated  magnesia,  thus  obtained,  from  the  ail- 
mixed  alum,  it  was  strongly  ignited  in  a  porcelain  vessel  during  half  a 
hour,  and  the  saline  mass  afterward^  softened  in  water,  and  filtered ; 
the  aluminoQs  earth,  separated  by  this  management^  was  aftenvard! 
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dissolved  in  salphuric  acid,  and  in  the  proper  manne]^  crystallized  int9 
concrete  alum. 

n.  The  pure  solution  of  the  sulphated  magnesia  was  precipitated  in 
a  boiling  heat  by  means  of  vegetable  alcali.  The  magnesian  earth, 
thus  obtained  in  a  carbonated  state,  weighed  20  5  grains  when  washed 
and  dried  ;  bat  after  strong  ignition  it  weighed  only  8^25  grains. 

o.  All  the  washings  (of  which  that  at/,  on  precipitating  the  sulphu- 
ric solution  by  carbonate  of  potassa,  retained  the  yellow  colour  of  the 
first  solution)  were  together  evaporated  to  a  dry  saline  mass ;  when 
they  had  been  re-dissolved  in  water,  there  still  separated  a  little  earth, 
which,  along  with  the  precipitate  remaining  at  gy  wasignited  with  caus- 
tic potassa^  and  then  by  sulphuric  acid  resolved  into  aluminous  and  si* 
liceous  earths. 

p.  The  whole  quantity  of  alum,  obtained  at  ib  /  m  and  o,  amounted  te 
665  grains.  It  was  now  dissolved  in  water,  and  in  a  heat  of  ebullitioft 
decomposed  by  carbonate  of  potassa.  The  aluminous  earth  thus  ob- 
tained, when  edulcorated  with  water,  and  dried  in  a  moderate  warmth, 
weighed  221  grains  ;  but  after  being  purified  by  digestion  with  distill- 
ed vinegar,  and  subsequent  saturation  with  ammonia,  and  being  again 
edulcorated,  and  at  last  subjected  for  half  an  hour  to  an  intense  red 
heat,  it  weighed  no  more  than  74.5  grains. 

q,  1  then  ignited,  for  half  an  hour,  the  whole  of -the  siliceous  earth 
collected  from  ilo:  its  weight  was  24.5  grains.  Hence,  subtracting 
the  9  grains  which  had  been  abraded  from  the  flint-mortar  a,  there  re^^ 
mained  15.5  grains  belonging  to  the  spinell. 

From  this  analysis  it  ibllows,  that  the  constituent  parts  of  the  spinel^ 
in  the  100  are 

Alumine,/?  .  •  . 74.50 

SilejL^. 15.50 

Magnesia,  n 8.25 

(hrideofironJJ;;    J;g|      1.60 

Lime,  c 0.75    . 

100.50 

The  reason  why,  in  this  instance,  there  appears  in  the  sum  of  the 
weights  an  excess  of  half  a  ^ain,  rather  than  a  loss,  unavoidable  in 
the  usual  course  of  such  processes,  is  probably,  that  the  ignition  was 
Dot  powerfiil  enough  to  effect  in  those  ingredients  that  hig^  degree  of 
dryness,  w]^ch  that  stone  possesses  in  its  natural  undecomposed  state* 

1313.  AwUyHs  of  iht  KryoliU;  after  some  preliminary  eiperiments, 
which  taught  him  the  existence  of  fluoric  acid,  soda,  and  alumina  in 
this  minerid,  Klaproth  proceeded  as  follows : 

i.  iOO  grains  of  triturated  kryolite,  toexpel  entirely  the  fluoric  acid, 
were  inspissated  to  dryness  in  a  platinum  crucible,  with  300  gndns  of 
concentrated  sulphuric  acid.  The  residual  mass,  previouriy  drenchea 
with  water,  congealed  on  evaporation .  to  a  soft,  granular  saline  mass, 
which  readily  liquified  in  a  little  water. 

ii.  Caustic  ammonia  precipitated  firom  the  dear  solution  the  alumin- 
ous earth  weighins  46  grains,  when  edulcorated  and  dried,  but  24 
Cprains  when  igniteo.  The  solution  of  this  earth,  in  dilute  sulphuric 
acid,  with  the  assistan^^e  of  heat,  and  combined  with  a  just  proportion 
•f  potassa,  shot  into  regular  crystals  of  alum* 
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iii.  The  flaid,  from  which  the  alumina  had  been  precipitateil,  wu 
neutralized  with  acetic  acid,  then  combined  with  acetated  baryta,  aod 
filtered,  to  separate  the  barytic  sulphate,  The  clear  fluid  was  now 
wholly  evaporated,  its  dry  residuum  ignited  in  a  platinum  crucible,  re- 
dissolved,  and,  after  being  rendered  free  by  filtration,  from  the  few 
adhering  coaly  particles,  a  second  time  evaporated  to  ^rfect  dryness. 
It  thns  ^rded  6S]f  grains  of  dry  carbonate  of  soda,  equal  to  ^|;raii» 
of  pure  soda.  This,  saturated  with  acetic  acid,  crystaUized  all  to  ace- 
tate of  aoda. 

If  now,  firom  the  quantity  of  the  fossil  employed,  be  subtracted  the 
weight  of  alumina  and  soda  obtained,  the  remainder  will  give  the 
weight  of  the  fluoric  acid,  including  perhaps  the  water  of  crystalliza- 
tion.    100  parts  of  kryolite,  therefore,  consist  of 

Soda .     36 

Alumina 24 

Fluoric  acid,  including  the  water  40 

100 


Sectioh  XXXIV.    Of  Ifte  CbmWiMrtumj  of  ZircmUum. 

1514.  Klaproth*s  description  of  the  discovery  of  niconia,  and  of 
the  method  of  separating  it  from  the  Jargon  and  Hjacinth  of  Ceylon, 
contain  a  very  instructive  lesson  in  analytical  chemistry ;  in  those  mi- 
nerals the  zirconia  is  combined  with  silica,  and  with  a  trace  of  <aiie  of 
iron,  the  following  mode  of  obtaining  .pure  zirconia,  8ug|;ested  by 
M.  M.  Dubois  and  Silveira  {AnnaU$  dt  Ckimie  et  f%t.iiv.)  furushes, 
at  the  same  time,  a  process  for  the  analysis  of  the  miaerai,  upon  the 
whole  less  exceptionable  than  that  of  preceding  chenusta. 

Reduce  the  zircons  to  fine  powder,  and  heat  them  in  a  red  heat  for 
an  hour,  with  two  parts  of  pure  potassa ;  pour  distilled  water  oa  the 
fused  mass,  and  wash  the  insoluble  portion  upon  a  filter ;  diswlre  it  in 
muriatic  acid,  and  evaporate  to  dryness ;  pour  watejr  on  the  residne, 
which  leaves  ailica,  and  dinaolves  muriate  of  zirconia  and  iron ;  filter* 
and  add  ammonia,  which  throws  down  zirconia  and  oxide  of  iron : 
w«sh  the  precipitate  and  boil  it)  while  naoist,  in  a  solution  of  oia&c 
aeid,  which  retains  the  iron,  and  forms  an  inaoktUe  oxalate  of  zirconia ; 
collect  and  edultorate  the  latter,  and  beat  it  to  redness  in  a  pladnum 
crucible :  in  this  state  the  zirconia,  though  pure,  is  insoluble  in  acids ; 
fuse  it,  therefore,  with  potassa,  wash  away  the  al<^i,  dissolve  in  m&iia- 
tic  acid,  and  precipitate  by  ammonia ;  the  hydraU  of  xircoma  now 
thrown  down,  when  washed  and  dried,  is  pure  and  soluMe. 


Section  XXXV.     Of  the  Combinatiofu  of  Glmcinum. 

1515.  Thc  coaapoaitton  of  the  beryl,  and  of  the  eaierald,  and  the 
mode  of  obtaining  from  them  pure  ^cina  have  been  given  abore 
(1359) ;  in  ^us  section  therefore  I  shall  merely  give  Klaproth*fl  ei- 
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amioation  of  the  emerald,  as  showing  the  mode  of  separating  glucina 
in  analyses. — Essays,  ii.  177. 

a»  100  grains  of  light-gre^n  emerald  were  levigated  in  a  flint  mor- 
tar, by  which  their  weight  increased  2^  grains.  The  powder  of  the 
stone  was  mixed  with  a  solnticm  of  260  grains  of  caustic  soda,  and  in- 
spissated in  a  silver  crucible  ;  upon  which  the  dry  mass  was  moderately 
ignited  during  30  minutes. 

b.  When  this  mass  had  cooled,  it  appeared  white,  and  not  easily 
softened  in  water.  It  was  saturated  to  excess  with  muriatic  acid,  which 
effected  a  solution.  This  being  evaporated,  and  afresh  diffused  in 
wateri  was  thrown  upon  the  filter,  in  order  to  collect  the  siliceous 
earth,  which,  washed,  dried,  and  ignited,  weighed  68  grains,  after  de- 
ducting the  2^  grains  it  received  from  the  mortar. 

c.  The  muriatic  solution  was  supersaturated  with  soda  and  boiled. 
The  precipitate  was  soon  again  taken  up  by  the  fluid,  excepting  some 
loose  ash-grey  flocks,  which,  iipon  drying  and  ignition,  weighed  2^ 
grains.  As  the  filtering  paper,  upon  which  this  residue  has  been  col- 
lected, was  coloured  brownish,  it  was  extracted  with  iai  little  weak  mu- 
riatic acid,  and  the  solution  treated  with  prussian  alcali,  which  pro- 
duced a  blue  precipitate  of  iron. 

(2.  Upon  those  2^  grains  of  the  browmsh  residaum  nitric  acid  was 
poured  and  again  driven  off  by  heat,  after  which  potassa  was  affused. 
This  took  up  but  a  little,  and  the  residuum,  again  washed  and  ignited, 
lost  only  ^^  of  a  grain.  The  alcaline  fluid  was  neutralized  with  nitric 
acid,  and  one-half  of  it  combined  with  acetated  lead,  the  other  half 
with  nitrate  of  silver.  By  the  lead  a  lemon-yellow,  and  by  the  silver 
a  brown-red  precipitate  was  obtained.  Thus  the  portion  of  chrome 
in  emerald  was  separated  and  obtained  singly. 

e.  The  brown  residue  of  d  was  dissolved  in  muriatic  acid,  but  the 
solution,  acted  on  by  a  low  heat,  soon  coagulated  into  a  jelly-like  sub- 
stance, owing  to  the  siliceous  earth  which  separated,  and  upon  ignition 
weighed  ^  gr.  The  fluid,  freed  from  this,  was  then  .treated  with  a  so- 
lution of  succinate  of  soda.  The  precipitate,  obtained  by  this  means, 
when  edulcorated  and  dried,  gave  1  grain  of  oxide  of  iron. 

/.  As  to  the  alcaline  solution  e,  I  mixed  it  with  the  remaining  fluid  of 
e,  supersaturated  the  mixture  with  muriatic  acid,  and  precipitated  it  in 
an  ebullient  heat  with  carbonated  soda.  The  precipitate  here  obtain- 
ed 1  dissolved  in  sulphuric  acid,  and  after  having  combined  it  with 
acetate  of  potassa,  forwarded  it  to  crystallization.  The  first  shootings 
yielded  alum,  in  pure  crystals ;  but  on  subsequent  evaporation  sulphate 
of  lime  appeared,  which,  in  the  ignited  state,  weighed  |  of  a  grain, 
equivalent  to  ^  of  pure  lime.  What  still  r^emained  of  the  fluid  had 
now  a  ^ck  oily  consistence  ;  diluted  with  a  little  water,  and  exposed 
to  spontaneous  crystallization,  it  afforded  crystals,  but  they  had  not  the 
form  of  alum. 

g.  This  saline  mass,  together  with  the  alum  already  obtained,  was 
dissolved  in  water,  and  a  large  quantity  of  carbonate  of  ammonia  af- 
fused, upon  which  I  stoppered  the  vessel.  After  it  had  stood  24  hours, 
I  separated  the  remaining  earth  by  means  of  the  filter,  dissolved  this 
last  again  in  sulphuric  acid,  and,  lastly,  extracted  it  by  adding  a  great 
over-proportion  of  carbonated  ammonia.  When  the  earth  had  agaia 
been  separated,  it  was  a  second  tim^  subjected  to  the  saoke  treatment ; 
after  which  nothing  more  was  taken  up  by  4he  ammonia. 

3  H 
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k.  The  alamtnous  eartfi  was  now  heated  to  redness  ;  it  then  amount- 
ed to  16f  grains. 

•'.  From  tlie  ammoniacal  fluid,  which  had  heen  coUected  from  those 
reiterated  extractions,  the  superabundant  alcali  was  distilled  off,  ui^ 
the  quantity  of  the  white  earth,  which  parted  from  the  fluid,  no  longer 
increased.  This  earth,  washed  and  dried,  weighed  23J  grains ;  after 
ignition  its  weight  proved  to  be  12^  grains. 

When  re-disso)ved  in  sulphuric  acid,  and  left  to  spontaneous  evapo- 
ration,  it  formed  oblique,  quadrilateral  double  pyramids,  with  tnm- 
cated  edges  and  comers.  The  saccharine  taste  of  these  crystals, 
in  conjunction  with  their  other  properties,  showed  that  the  base  of 
this  salt  was  glucine,  the  new  earth  discovered  by  Vauquehn  in  the 
beryl. 

Hence  ^is  decomposed  emerald  has  yielded,  as  its  coaafitaeot 
parts, 

Silex 6  68      i  gg.SO 

e    0.60  J    '  ' 

Alumine  .  .  .  .  fc 16.75 

Glucine    .  .  .  .  t 12-fiO 

Lime / 0.26 

Oxide  of  iron    .«...•. 1 

Oxide  of  chrome  d •  •    0.30 

98.30 


SecTiov  XXXVI.     Of  th$  CmMnoiUons  of  Yttriim  md  J%0rmwn. 

1516.  1  HATE  not  been  able  to  collect  an^  information  reUtive  to  the 
analysis  of  tne  compounds  containing  yttna,  which  would  aasiat  tbe 
student  in  their  examination,  in  addition  to  that  which  has  been  giTen 
in  the  proceeding  Chapter,  where  I  have  enumerated  the  distiiictire 
characters  of  yttria,  and  the  mode  of  separating  it  from  its  comlnnatioa 
with  other  earths  (136S). 

1617.  Thorina,  found  by  Berzelius  in  the  Gadolinite  of  Kowmel, 
and  in  two  other  Swedish  minerals,  which  he  terms  dmio^Uta^  of  cm- 
nm,  and  double  Jluaie  of  cerium  and  yttria^  has  not  hitherto  beea  exa- 
imned  by  any  other  chemist ;  indeed,  the  discoverer  baa  himsetf  ob- 
tained it  in  such  small  quantities  as  to  have  enabled  him  to  furoish  bM 
an  imperfect  account  of  its  properties.  In  addition,  tbercfore,.to  lb£ 
distinctive  characters  of  thorina  given  above  (1364)  I  shall  here  onlj 
add  the  process  by  which  it  was  procured. 

To  the  solution  of  the  mineral  add  succinate  of  annaonia  to  throw 
down  the  iron;  then  pour  in  sulphate  of  petassa  to  precipitate  the 
cerium,  and  afterwards  ammonia  wiU  separate  the  yttria  and  thorin&; 
to  separate  these  substances  re-disaolve  them  in  muriatic  acid,  and  en- 
porate  till  the  solution  is  as  neslrly  neutral  as  possible,  then  pour  water 
upon  it  and  boil  for  an  instant ;  thorina  is  precipitated,  and  the  liqoi^ 
becomes  acid :  by  saturating  this  acid,  md  boiling  again,  an  additioml 
portion  of  thorina  precipitates. 

These  details  aiev  it  muat  be  conftssed,  very  unsatiBfiKlory :  ss^ 
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whea  we  reflect  npon  the  complex  nature  of  the  snbstances  gubmitted . 
to  analygis,  upon  the  prolixity  of  the  process,  upon  the  small  quantity 
of  thorina  hitherto  procured  (not  amounting,  according  to  Dr.  Thom- 
son {System^  u  377,  6th  Edit.)  to  7  grains  and  a  half,)  and  upon  the 
acknowledgment  that  it  is  only  occasionally  present  in  the  minerals  ad- 
rerted  to,  we  may  perhaps  be  inclined  to  doubt  its  distinct  nature. 


CHAPTER  VH. 

OF   THE   ANALYSIS   OF  MIITERAL   WATEKS« 

1518.  The  following  observations,  relating  to  the  analysis  of  mine- 
ral waters,  have  been  drawn  up  principally  with  a  view  to  facilitate 
the  progress  of  the  student,  in  that  very  difficult  department  of  ana- 
lytical chemistry.  I  have  endeavoured  to  simplify  the  details  by  point- 
ing out  the  readiest  methods  of  recognising  and  separating  the  sub- 
stances which  usually  occur,  and  have,  therefore,  omitted  the  enume- 
ration of  the  more  rare  ingredients,  or  of  those  which  are  limited  to 
particular  places. 

I  have  not  adverted  to  the  mode  recommended  by  Dr.  Murray 
(^Edinburgh  Phil.  Trans.,  viii.)  because  I  cannot  readily  admit  the  exist- 
ence of  incompatible  salts  to  the  extent  which  his  principle  requires  ; 
Dor  do  I  think  that  it  materially  ^cilitates  the  analysis  in  those  cases 
which  present  peculiar  difficulties  to  the  plan  of  determining  the  in- 
gredients by  evaporation. 


Section  I.    Of  (he  TetU  and  Apparatus  required  in  the  Exmninati^ 
and  Analysis  oj  Mineral  Waters. 

1519.  Those  who  have  not  access  to  a  rwilar  laboratory  will  find 
it  coDTenient  to  arrange  the  following  tests  and  re-agents  m  the  manner 
represented  in  Plate  111.  of  this  work,  the  larger  phials  should  con- 
tain about  6  ounces  by  measure ;  the  second  size,  3  ounces ;  and  the 
fmallest,  1  ounce.  Of  these  phials,  the  greater  number  should  be 
simply  stopped,  and  a, few  of  them  providea  with  an  elongated  stopper 
dipping  into  the  fluid  which  they  contain. 

The  larger  phials  may  contain  the  following  re-agents ; 

Pure  sulphuric  acid. 

nitric  acid. 

■'  ■     muriatic  add. 

Dilute  sulphuric  acid,  I  acid  +  3  water. 

■  ■  ■  ■    nitric  acid ditto. 

_■  ■ "    muriatic  acid   .  .  •  ditto, 
isolation  of  potas0«. 
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SoludoD  of  soda. 
—  ammonia. 


Alcohol. 
The  smaller  phials  may  contain 


carbonate  of  potassa. 

carbonate  of  soda. 

carbonate  of  ammonia. 

oxalic  acid. 

oxalate  of  ammonia. 
'  baryta. 

acetate  of  baryta. 
•  nitrate  of  baryta. 

-  phosphate  of  soda. 

-  sulphate  of  silyer. 


Tinctare  of  galls. 

Solution  of  iodine  in  alcohol. 

nitrate  of  silver. 

ferro-cyanate  of  potassa. 

^-^->— —  muriate  of  lime. 

hydro-sulphuret  of  ammonia. 

hydriodate  of  potassa. 

soap  in  akohol. 

Phosphorus. 

Sulphate  of  lime. 

Test-papers,  turmeric,  litmus,  violet. 

Black  flux. 

Nitrate  of  i 


The  tray  should  contain  a  few  Florence  flasks  (1),  Wedgwood  and 
glass  basins  (2,  3),  a  platinum  and  a  silver  crnoible  (4, 5),  a  silver  cap- 
sule (6) ,  some  funnels  (7) ,  test-glasses  f  8),  test-tubes  (9V  and ^biss  rods, 
filtering  paper,  a  spirit  (10),  and  an  Argand  lamp  (li}^  a  retort  (12), 
and  receiver  (13),  a  copper  basin  to  serve  as  sand-bath  (14),  a  blow- 
pipe (16),  a  thermometer  (16),  a  scale  of  equivalents  (17),  a  dropping- 
botde  ( 1 8) ,  a  few  watch-glasses  ( 1 9) ,  a  support  for  holding  ^uses  over 
a  lamp  (20),  a  small  brass  stand  with  rings  (21),  a  tube,  withabiAbiD 
the  centre  and  a  pointed  extremity,  for  drawing  up  small  portions  of  li- 
quids (23),  platinum  pincers  (24,  25)  ;  a  smttS  but  good  balance,  with 
well-adjusted  weights,  is  also  requisite,  accompanied  by  a  phial  and 
counterpoise  for  taking  specific  gravities ;  and,  lastly,  a  sm&U  mercurial 
troi^.  There  should  also  be  a  plentiful  supply  of  distilled  water,  a 
portion  of  which  should  be  coQtaiued  in  a  dropping4>ottle.» 


Section  II.    Examination  of  Mineral  Watert  by  Tetts. 

152a  i.  The  term  iiiiiie**a/  water  is  applied  to  those  natural  ^iid|- 
m9Aen  which  contain  so  largR  a  proportion  of  foreign  matter  as  to  rea- 
der them  vifit  for  common  domestic  use,  and  to  confer  apon  them  ^ 
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sensible  iflavour,  and  specific  action  upon  the  aaimal  frame*  Their 
temperature  is  liable  to  considerable  variation,  and  is  sometimes  their 
principal  character,  as  is  the  case  with  the  waters  of  Bath  and  Baxton  ; 
bat  they  are  generally  so  far  impregnated  with  acid  or  saline  bodies, 
as  to  derive  from  them  their  peculiarities,  and  in  this  respect  may  con- 
veniently be  arranged  under  the  heads  of  carbonated^  nUphureou^j  4a* 
<«n«  and  cfto/^MUe  waters.  See  the  annexed  Table  H 522.)  The  mere  ' 
taste  of  the  water  enables  us  to  determine  to  whicn  of  these  subdivi- 
sions it  probably  belongs. 

ii.  In  examining  a  mineral  water,  it  is  of  importance  to  ascertain 
its  specific  gravity,  which  gives  us  some  insight  into  the  proportion  of 
its  saline  ihgredients,  its  specific  weight,  as  compared  with  pure  water, 
being  of  course  augmented  by  its  foreign  contents.  Hr.  Kirwan  (£«- 
say  on  Mineral  Waters^  p.  145.)  has  given  the  following  formula  for 
calculating  die  proportion  of  saline  substances  in  a  water  of  known 
specific  gravity  :  **  subtract  the  specific  gravity  of  pure  water  from 
that  of  the  water  examined,  and  multiply  &e  remainder  by  1.4.  The  ^ 
product  is  equal  to  the  saline  contents  in  a  quantity  of  the  water  denot- 
ed by  the  number  employed  to  indicate  the  specific  gravity  of  distilled, 
water.  Thus  suppose  the  specific  gravity  of  the  water  s=  1 .079,  and. 
that  of  pure  water  =  1.000,  then  79  X  lA  =  110.6  s=:  saline  contents 
in  1000  of  the  mineral  water." 

This  is  a  useful  formula,  but  open  to  certain  objections ;  and  as  it  is 
often  of  considerable  importance  to  acquire  a  just  knowledge  of  the 
proportion  of  foreign  bodies  in  water^  it  is  advisable  to  conjoin  the 
above  method  with  the  ft^Uowing : . 

iii.  Evaporate  a  given  weighs  say  1000  parts,  to  drynejs»  and  ex- 
pose the  residue  for  24  hour^  to  a  temperature  not  exceeding  300^ 
upon  a  platinum  capsule  ;  weigh  it  while  warm,  and  the  mean  obtain- 
ed from  thi9  and  the  former  experiment,  will  give  the  proportion 
of  dry  saUne  ingredients  within  an  error  of  two  pet  cent.  Thus  sup- 
pose 1000  parts  of  the  above-mentioned  water  give  by  evaporation 
114.4  dry  residue,  then  110.6  +  114.4  =  225  -5.  2  =  112.5  =  quan- 
tity of  saline  matter  in  a  dry  state  (salts  deprived  of  water  of  crystal- 
lization) existing  in  the  mineral  water  under  investigation. 

iv.  Hu^ving  by  these  preliminary  operations  ascertained  the  relative 
^wnUity  of  foreign  matter  in  the  water  under  examination,  the  nature 
of  the  substances  present  is  next  to  be  inquired  into. 

1521. .  The  substances  which  have  been  foiin<l  in  mineral  waters  are 
extremely  numerous,  but  those  which  ordinarily  occur,  are  the  fol- 
lowing; 

Oxygen. 

Nitrogen. 

Carbonic  acid. 

Sulphuretted  hydrogen. 

Carbonate  of  lime. 

Carbonate  of  magnesia. 

Carbonate  of  iron. 

Muriate  of  magnesia. 
'  Sea  salt. 

Sulphate  of  magnesia . 

Sulphate  of  soda. 

Sulphate  of  lime. 
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••  OxyysD  aad  nitrogen  ezbt  in  the  greater  number  of  spring  watets 
in  the  proportions  coostituting  atmospheric  air ;  the  proportion  of  ni- 
trogen is,  howeyer,  not  nnfrequenOy  predominant.  These  gases  gire 
no  peculiar  flavour  to  the  water. 

h»  Carbonic  acid  renders  mineral  waters  sparkling  and  efferrescent : 
it  is  detected  by  occasioning  a  precipitate  in  aqueous  solution  of  baiy- 
ttt,  which  dissolves  with  effervescence  in  dilute  muriatic  acid. 

e*  The  presence  of  sulphuretted  hydrogen  is  known  by  its  pecitiiar 
disagreeable  smell ;  by  the  production  of  a  black  precipitate  on  drop- 
ping into  the  water  a  sc^ution  of  nitrate  of  silver ;  and  by  the  deposition 
of  sulfur  on  adding  a  few  drops  of  nitric  acid. 

d.  The  caibonates  are  dissolved  in  the  water  by  excess  of  cmrlMmic 
acid,  and  consequently  fiiU  upon  its  ezpvbion  by  boiling.  Carbonate 
of  lime  and  magnesia  are  deposited  in  the  form  ^  a  white  precipitate. 
Carbonate  of  iron  occasions  the  separation  of  a  rusty  brown  ferrmfloiis 
powder,  and  the  water  is  blackened  by  a  few  drops  of  tincture  ofgalb. 

e.  Mn  R.  Phillips,  in  his  analysis  of  Bath  waters,  has  shown  that  the 
delicacy  of  gatts,  as  a  test  for  iron,  is  curiously  affected  bv  tfie  pre- 
sence of  certain  salts  :  if  the  iron  be  in  the  state  of  protoxide,  its  de« 
tection  is  facilitated  by  salts  with  a  base  &(  liihe,  and  by  akalis ;  if  in 
Ae  state  of  peroxide,  lime  prevents  the  action  of  the  test  This  is 
well  shown  by  dissolving  a  ver^f  minute  portion  of  protosulphate  of  iron 
in  a  g^lass  of  distilled  water,  and  adding  a  drop  of  tincture  of  galls,  which 
occasions  no  immediate. discoloration  ;  but  a  drop  of  fime-water,  or 
other  alcidi,  instantly  renders  the  presence  of  iron  evident ;  so  that 
the  Quantity  of  iron  present  in  a  water  cannot  ^  correctly  jo^d  of  bj 
the  degree  of  precipitation  occasioned  in  it  by  tincture  of  galls. 

^.  Ferro^cyanate  of  potassa  is  also  a  good  test  to  show  nuDute  qaaa- 
titles  of  iron  in  water,  by  the  blue  precipihite  which  it  occasions ;  ttm 
action  is  aided  by  previously  adding  two  or  three  drops  of  nitric  acid 
'  to  the  water ;  but  it  is  an  equivocd  test  compared  with  g^lls. 

g.  The  presence  of  nrariatic  salts  and  of  chlmdes,  is  indicated  by  n 
wbdte  cloud  on  adding  sulphate  of  silver^ 

k,  The  sulphates,  when  present  in  water,  afford  a  white  ^recfdlio 
en  the  addition  of  nitrate  of  baryta,  Which  is  insoluble  in  nitik  aad. 

t.  Lime  is  recognised  by  a  white  cloud  on  dropping  oxalate  of  am- 
Mioma  into  the  water.  A  portion  of  the  precipitate  effected  upon  leaf 
platinum,  and  heated  before  the  blow-pipe,  maybe  burned  into  qiucfc* 
ume. 

k.  Magnesia  is  rendered  evident  by  ad^i^  carbdnale  cf  ammonia 
which  throws  down  the  lime,  and  subsequently  pouring  in  pho^hate 
of  soda,  which,  when  magnesia  is  present,  carries  a  portion  of  it  down  in 
the  form  of  a  granular  precipitate  of  ammooiaco-magnesian  phosphate. 

Such  are  the  readiest  means  of  recognising  the  presence  of  the  va- 
rious substances  that  commonly  occur,  by  the  action  of  re-sq|;ent5  or 
tests  ;  and,  having  gained  such  general  inlbnnation,  we  next  proceed 
to  the  analysis  of  the  water,  in  order  to  ascertain  the  relative  propor- 
tions of  the  gaseous  amd  saline  ingredients  which  it  holds  dissolved. 
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SscTioK  111.    Malym  of  Miniral  Waten. 

1522.  y.  To  ascertain  the  relative  proportioiie  of  the  gaseous  coi^ 
teotfi  of  water  with  perfect  accuracy,  is  a  f  ery  difficult  ondertaking, 
and  rarely  necessary  ;  the  following  method  is  sufficiently  precise  ia 
all  ordinary  cases  oif  analysis.  Provide  n  Florence  flask  capable  of 
holding  rather  more  than  a  measured  wtne-^pint,  which  qnonti^  of  the 
water  under  examination  is  to  be  introdnced  into  it,  and  a  cotk  carefnl- 
ly  fitted  to  its  neck,  through  a  perforation  in  which  is  inserted  a  glass 
tube  one^eigh.th  inch  diameter,  rismg  perpendicularly  about  Id  inches, 
and  then  b^nt  so  as  to  pass  conveniendy  under  the  shelf  qf  the  mercu- 
rio-pn£aaaatic  apperatna.  ( Wliere  a  aoffieiency  of  mercury  cannot  be 
procured,  warm  water  n^ay  be  substituted,  if  only  carbonic  acid  be  pre- 
sent, and  it  may  be  absorbed  by  transferring  the  jar  containing  it  to  a 
solution  of  potassa.)  The  flaak  should  be  pkM^d  over  an  argand  lamp, 
and  heat  gradually  applied  till  the  weter  fully  boUs.  The  gas  evolved 
is  to  be  collected  in  the  usual  way,  in  a  graduated  jox  over  quicksilver, 
and  submitted  to  the  foUowii^  examtnalion  :-^ 

.  vi.  Throw  op  a  small,  quantity  of  solution  of  potassa,  which,  if  car- 
bonic acid  be  present,  will  absorb  it,  and  the  quantity  will  be  shown  by 
the  £mination  of  bulk.  . 

vii.  Introduce  the  remaining  air,  or  a  portion  of  It,  into  a  small  bent 
tube,  containing  a  bit  of  phosphorus ;  heat  it  so  as  to  kindle  the  phos- 
phorus, and  note  ^e  diminution  of  bulk  when  cold:  It  is  proportion^ 
al  to  the  oxygen  present,  and  if  equal  to  one*fifth  of  the  whole  bulk, 
the  gas  may  be  r^arded  as  atmospheric  air^« 

viii.  If  sulphuretted  hydrogen  be  present  it  may  be  separated  by 
strong. alcoholic  solution  of  iodine,  which  rapidly  absorbs  it,  and  scarce- 
ly takes  up  more  than  its  own  volume  of  carbonic  acid  gss.  Chlorine, 
added  to  a  mixture  of  sulphuretted  hydrogen  and  carlkmic  acid,  will 
also  produce  the  absorption  of  tiie  former  if  a  little  wttter  be  present ; 
but  it  cannot  be  conveniently  used  over  mercury. 

ix.  Dorii^  the  ebulUtion  it  not  unfrequently  happens  that  a  precipi- 
tation ensues,  indicating  that  the  substances  thrown  down  were  dis- 
solved by  carbonic  acid ;  and  in  that  case  they  should  be  separated 
upon  a  filter  a,  after  which  the  remaining  water  may  be  evaporated  to 
dryness  in  a  glazed  porcelain  b^n ;  the  dry  residue  transferred  to  a 
silver  capsule,  and  perfectly  desiccated  at  a  temperature  not  exceeding 
600«.  B.  . 

The  precipitate  ▲  may  consist  of  carbonate  of  Ume,  of  carbonate  of 
magnesia,  or  of  oxide  of  iron  ;  or  it  may  be  a  mixture  of  tiiie  three  ; 
dissolve  it  in  dilute  muriatic  acid,  and  add  oxtthc  acid  which  throws 
down  oxalate  of  lime ;  separate  this  by  ffltration,  and  saturate  the  fiU 
trated  portion  with  carbopate  of  iuamonia,  which  precipitates  the  per«r 
oxide  of  iron,  and  having  removed  this,  evaporate  the  residuary  mix- 
ture, and  expose  the  dry  salt  to  a  red  heat  in  a:  email  platinum  capsule ; 


♦  Iff  eepuratBig  osygcn  a  solution  of  nitric  oxide  in  protoeulphate  of  uion  nwjBOinetimes 
coovcDMOtiy  be  emploj'cd,  brt  it  does  not  give  so  wcnrate  a  result  as  thtf  ^ctiflo  of  jjhoi,phf». 
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the  magnesia,  i£  anj  were  preseDt,  will  remain  ;  if  not  the^  win  be 
no  residue,  for  the  ozaUc  Bcid  and  muriate  of  ammonia  will  be  destroj- 
ed  and  volatilized. 

100  parti  of  oxalate  of  lime  indicate  77  of  carbonate  of  lime. 

100  parte  of  red  oxide  of  iron  indicate  90. of  bkck  oxide,  or  143  of 
carbonate  of  iron.  When  carbonic  acid  holds  iron  in  solution,  th« 
metal  is  in  the  state  of  protoxide,  and  if  air  be  excluded,  it  requires 
long  boiling  to  decompose  it^  for  the  same  reason,  if  the.  water  W  ex- 
posed, under  ihe  exhausted  receiver  of  the  air-pumpf  it  does  not  rea- 
dily become  brown,  as  is  the  case  when  it  is  exposed  to  air  ;  a  drop  or 
two  of  nitric  acid  facilitates  the  deposition  of  the  red  oxide. 

100  parts  of  pure  magnesia  are  equivalent  to  213  of  caihonate  of 
magnesia. 

X.  The  dry  residue  b,  it  to  b«  digested  ip  bis  or  eight  parts  boiling 
alcohol,  specific  gravity  0.817,  which  will  take  up  muriate  of  n^goe- 
sia,  and  in  some  rare  cases  (where  no  sulphates  are  present)  monate 
of  lime.  Filter  off  the  alcoholic  solution,  and  wash  the  residae  c 
widi  a  little  fresh  alcohol,  which  add  to  the  former,  and  eTiponteto 
dryness  n.  .  The  dry  mass  o,  exposed  for  some  time  to  a  heat  of  500®, 
is  generally  pure  muriate  of  magnesia  ;  if  it  contain  muriate  of  lime* 
the  latter  earth  may  be  separated  by  solution  of  oxalic  acid,  in  the 
state  of  oxalate  of  lime* 

1  have  found  it,  in  some  cases,  convenient  to  convert  the  mnriatesot 
lime  and  magnesia  into  sulphates,  hy  pouring  upon  them  excess  of  sul- 
phuric add,  evaporating  to  dryness,  and  heating  the  dry  mass  red  hot 
The  sulphate  of  magnesia  may  then  be  almost  completely  separated 
from  the  sulphate  of  lime,  by  a  small  quantity  of  cold  water  ;  or  a  sa- 
turated solution  of  sulphate  of  lime  may  be  used,  wiuch  tal:es  op  the 
sulphate  of  magnesia,  and^  of  course,  leaves  the  sulphate  of  lime. 

The  alcohol  will  also  take  up  a  very  minute  portion  of  sea-salt, 
which,  however,  is  too  small  to  require  estimation. 

xi.  The  residue  c,  insoluble  in  alcohol,  may  contain  sea-salt,  sul- 
phate of  soda,  sulphate  of  magnesia,  and  sulphate  of  lime  ;  digest  it  in 
ten  parts  of  boiUng  distilled  water,  which,  when  cold,  will  hare  taken 
up  every  thing  but  sulphate  of  lime,  of  which  an  inappreciable  por- 
tion only  will  have  been  dissolved ;  separate  the  solution  iato  two 
equal  portions,  a  and  6. 

To  a  add  nitrate  of  silver,  and  wash  and  dry  the  precipitate,  which 
is  chloride  of  silver,  and  of  which  100  parts  indiqate  41  of  sea-salt. 

To  b  add  acetate  of  baryta  as  long  as  it  occasions  a  precipitate,  which 
is  sulphate  of  baryta,  and  which  is  to  be  separated,  dried  and  weighed. 
100  grains  are  equivalent  to  60.5  of  sulphate  of  soda,  and  to  51  of  sul- 
phate of  magnesia. 

In  order  te  ascertain  the  quantity  of  magnesia  present,  and  coot«' 
quently  the  quantity  of  sulphuric  acid  belonging  to  it,  evaporate  the 
liquid  filtered  off  the  barytic  precipitate  z  to  dryness  ;  it  will  contaio 
sea-salt,  acetate  of  soda,  acetate  of  magnesia,  and,  probably,  a  portioD 
of  the  added  acetate  of  baryta  ;  ignite  the  dry  mass,  and  wash  it  to  se- 
parate tlie  sea-salt  and  soda ;  magnesia  and  carbonate  of  baryta  will 
remain  insoluble,  upon  which  pour  dilute  sulphuric  acid  ;  digest,  filter, 
and  evaporate  the  cle^r  liquor  to  dryness  ;  it  is  sulphate  of  magnesia, 
equivalent  of  course  to  the  origimU  portion  of  the  salt ;  deduct  the 
sulphuric  acid  contained  in  it  from  the  whole  in  the  precipitate  e,  ac«l 
the  remainder  will  give  the  quantity  united  to  the  soda. 
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xii.  To  estiinate  the  qaantity  of  sulphate  of  lime  in  the  water%  the 
Bdue  of  the  evaporatioD  of  one  point  may  he  washed  with  cold  sa^ 
rated  solution  of  sulphate  of  lime,  which  will  dissolve  every  thing 
\  that  sulphate,  and  which  may  thus  be  obtained  and  weighed  ;  or, 
I  oxalate  of  ammonia  to  a  given  quantity  of  the  boiled  and  filtered 
ter,  coiiect  the  pretipitate,  and  dry  it  at  a  heat  of  500^.  100  grains 
this  oxalate  indicate  104  of  dry  si|lphate  of  lime, 
liii.  Such  are  the  general  components  of  mineral  waters,  and  the 
ans  of  ascertaining  their  relative  quantities.  Let  us  suppose  the 
lowing  results  have  been  obtained,  with  a  view  to  illustrate  the  mode 
drawing  up  the  analysis.  By  the  process  v,  twelve  cubical  inches 
gas  have  been  expelled  during  the  ebullition  of  a  pint  of  water, 
e  exposure  to  solution  of  potassa  has  occasioned  a  diminution  of 
ven  cubical  inches,  which,  it  having  been  previously  ascertained 
t  no  sulphuretted  hydrogen  was  present,  may  be  considered  as  car- 
lie  acid.  The  remaining  gas  thrown  up  into  a  tube  containing  a  pof< 
I  of  phosphorus,  and  heated,  suffers  scarcely  any  diminution,  and 
phosphorus  does  not  bum :  hence  it  may  be  regarded  as  nitrogen, 
e  gasooos  cua^ata,  ihaa^Suwoy  of  tik«  wMior  uffdei:  exjonination  are 
he  wine-pint-»- 

Carbonic  add 11  cubic  inches. 

Nitrogen 1  ditto*. 

r  sulphuretted  hydrogen  be  present,  it  is  best  to  have  recourse  to  a 
irate  operation  to  estimate  its  quantity :  for  this  purpose  collect 
gas  as  before,  aod  throw  up  into  it  a  small  quantity  of  alcoholic    • 
ition  of  iodine.    The  absorption  denotes  the  quantity  of  the  gas. 

If.  The  next  step  of  the  operation-  relates  to  the  examination  of 
precipitate  deposited  during  ebullition,  (ix.  a.)  Let  us  suppose 
v^ei^t  of  oxalate  of  lime  to  be  3  grains,  of  oxide  of  iron  1.5 
D^  and  of  magnesia  1  grain  \  then  the  above  data  give 

Onim. 

Carbonate  of  lime 2.9 

Carbonate  of  iron 2.4 

Carbonate  of  magnesia 2.1 

r.  The  alcoholic  solution  (x.)  may  be  diluted  with  water  and  test« 
y  oxalic  add  for  lime ;  if  absent,  evaporate  to  dryness  as  directed, 
us  suppose  the  residue  to  be 

Muriate  of  magnesia 5  grains. 

tlie  quantity  of  muriate  of  magnesia  be  considerable,  p;reater  ac* 
cy  is  ensured  by  converting  it  into  sulphate,  which  is  done  by 
og  it  in  a  capsule  of  platinum,  pouring  upon  it  sulphuric  add,  era- 
ii^  to  dryness,  and  heating  the  dry  mass  to  dull  redness.  lOp 
3  of  this  dry  sulphate  of  magnesia  indicate  94  of  muriate  of  mag- 
;  bence  the  water  mi^v  examination  would  have  given  5.3^  grains 
•f  muriate. 


tixte  m«i<agB,a  araU  portko  will  prolMbly  bam  been doivad  fiom the ur lit tiie tube 
iB^C  iheflMiLffitfa  the  poeamatic  apparatus;  a  little  practice  soon  enable*  ^OMrator 
SSa  wbea  it  has  bm  eipeUed ;  oritBm7beimiredeiitiri,aiidaftoiirsrds<Miu;tsd 
^  vrliofe  prodnce. 
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If  the  alcoholic  solutioii  contain  muriate  of  lime,  that  earth  must  b{ 
previously  separated  by  oxalic  acid  ;  and  100  parts  of  oxable  of  lia 
are  equivalent  to  85  of  dry  muriate  of  lime. 

XTi.  The  aqueous  solution  of  the  residue  (c  xi.)  being  divided  int 

two  portions,  let  us  suppose  the  portion  a  xi.  to  arord  8.5  of  dikiid 

of  silver,  wluch  indicates  of  sea-salt  3.6  grains  ss  7  grains  in  the  pisj 

xvii.  Let  us  assume,  that  the  precipitate  of  sulphate  of  haiytaixi 

weighs  15  grains,  indicating  of 

Sulphuric  acid 5.1  graina. 

The  process  directed  in  xi.  furnishes  of 

Sulphate  of  magnesia  .  •  •  •  3.75  grains, 
which  contain  2.5  grains  of  sulphuric  acid,  and  which  deducted  frog 
5. 1  grains  leave  2  6  grains,  which  are  adequate  to  the  (bnaatioii  of 

.  Sulphate  of  soda 4.65  grains. 

So  that  the  pint  fthe  water  having  been  divided  into  two  equal  portioie] 
Wtould  contain  or 

Sulphate  of  mi^esia  3.75X2=7.5  graine. 

Sulphate  of  soda   .  .  4.65X2=9.3  graioB. 

xviii.  The  ad<liaun  of  vxiaate  of  «mmmm,  or  oxalic  acid,  to  a  pit 

of  the  boiled  water  (xii.)  furnishes  a  precipitate  of  4.7  grains  of  ou 

late  of  lime,  indicating  of 

Sulphate  of  lime 5  grains. 

xix.  To  give  a  general  view,  therefore,  of  &  components  of  tke 
mineral  water  which  has  thus  been  examined,  we  should  place  tkemai 
follows : — 
One  wine  pint  contains 

CriMeioctef. 

Carbonic  acid II 

Nitrogen  •  •  .  91^ 1 


Carbonate  of  lime 2.80 

Carbonate  of  iron 2.40 

Carbonate  of  magnesia 2*10 

Muriate  of  magnesia 5.00 

Sea  salt 7.00 

Sulphate  of  magnesia 7.50 

Sulphate  of  soda 9.30 

Sulphate  of  lime 5. 

Aggregate  weight  of  solid  contents  40.50 

^  XX.  Besides  the  substances  now  enumerated,  anil  which  may  be  coo 
sideted  as  the  most  frequently  occurring  ingredients  in  minerd  witen 
there  we  others  occasionally  pr^ent,  of  which  the  following  is  a 
enumeration,  with  the  best  metiiods  of  detecting  them: 

a.  Caibonate  of  soda  is  known  to  exist  in  water,  when,  after  hin 
been  boiled  down  to  half  its  bulk,  and,  if  necessary,  filtered,  It  re^dei 
f^unenc  paper,  and  restores  the  blue  of  litmus  reddened  hj  vinegai 
it  also  aflbrds  an  effervescent  precipitate  with  nitrate  of  baryta,  loiaH 
m  dilute  nhric  add.  This  carbonate  is  incompatible  with  the  M 
salts  of  lime. 
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(ariate  of  lime  may  also  be  used  to  detect  die  alcaline  carbonates, 
h  which  it  affords  a  precipitate  of  carbonate  of  lime.  Carbonate  of 
a  is  distiiiguished  from  that  of  potaasa,  by  the  latter  affording  a  pre- 
itate  in  neutral  mariate  of  platinum,  which  the  former  does  not. 
donate  of  ammonia  is  obriously  discoverable  by  its  smell,  when 
id  on  by  caustic  fixed  alcali  or  time. 

.  Silica  is  detected  by  evaporating  the  water  to  dryness,  and  boil- 
die  residue  in  dilute  muriatic  acid.  The  silica,  if  present,  remains 
white  powder  not  altered  by  a  red  heat,  but  instantly  fusing  with  a 
dele  of  carbonate  of  soda. 

.  Boracic  acid  and  borax  have  been  found  in  certain  lakes  in  India, 
in  some  parts  of  Italy.  To  detect  boracic  acid,  evaporate  to  one- 
ith  the  original  bulk  of  the  water,  and  add  carbonate  of  soda  as  long 
t  occasions  any  precipitate  ;  boil  and  filter.  The  filtered  liquor  will 
kain  borate  of  soda,  with  some  other  salts  of  the  same  basis ;  eva- 
ite  to  dryness  in  a  platinum  crucible,  and  digest  the  residue  in  three 
bur  parts  of  sulphuric  acid,  diluted  with  its  bulk  of  water.  If  bo- 
c  acid  be  present,  it  will  separate  in  micaceous  crystals. 
.  Alumina  has  been  found  in  a  few  mineral  waters  in  the  state  of  a 
hate.  It  may  be  separated  by  the  following  process :  Evaporate  to 
less,  digest  in  alcohol,  and  re-dissolve  the  residue  in  eight  parts  of 
(r  ;  filter  and  add  oxalic  acid,  which  throws  down  lime,  and  which 
g  separated,  leaves  magnesia  and  alumina  in  solution.  Carbonate 
mmonia  throws  down  the  alumina  and  leaves  the  magnesia, 
lire  ammonia  throws  down  both  alumina  and  magnesia.  These 
be  may  be  separated  by  solution  of  pptassa,  which  dissolves  the 
ler  but  not  the  latter. 

Manganese  is  sometimes  found  in  water,  but  only  in  very  small 
portion,  so  as  not  to  amount  to  more  than  a  trace.  Dr.  Scudamore 
d  a  trace  of  manganese  in  the  waters  of  Tunbridge  Wells,  and  it 
lever  been  discovered  in  lai^ger  proportion. 
It  has  been  said  that  certain  nitrates  are  occasionally  present  in 
r,  but  such  solutions  can  scarcely  be  called  mineral  waien.  If 
te  of  lime  be  present,  it  will  be  taken  up  from  the  residue  of  eva- 
Lion  by  alcohol,  and  may  be  decomposed  by  carbonate  of  potassa, 
to  aiSiord  carbonate  of  lime  and  crystals  of  nitre. 
It  sometimes  happens  that  water  contains  lead,  which  may  be  de- 
d  by  evaporation  to  one-eighth  its  bulk,  adding  a  few  drops  of  ni- 
icid,  and  then  hydriodate  of  potassa,  which  gives  a  yellow  insolo- 
precipitate  ;  and  hydrosulphuret  of  ammonia,  whieh  forms  a  deep 
n  or  black  cloud.  These  precipitates  may  be  reduced  by  heating 
before  the  blow-pipe  upon  charcoal,  mized  with  a  little  black  flux. 
If  vegetable  or  animal  matter  be  contained  in  water,  it  gives  it  a 
a  colour,  especially  when  evaporated.  It  may  be  destroyed  in 
ry  residue  by  igniting  it  with  a  small  addition  of  nitrate  of  ammo- 

le  foUowing  analyses  of  mineral  waters  may  be  advantageously 
Ited  by  the  student,  as  containing  a  variety  of  useful  details,  which 
ece«aaiily  omitted  in  the  above  observations  '.--Analysts  of  the  Hot 
g9  at  Beah^  by  Richard  Phillips,  Esq.  Analyns  of  the  Brighton 
^aU^  by  Dr.  Marc«t.  Analysis  of  the  Tunbridge  Wells  Waters, 
\  ScvDAMORE.  Mr.  Children's  Translation  of  TBRfSAKv' a  Essay 
esnusal  Analysisy  chap  vi. 
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CHAPTER  VIII. 

OF    VEGETABLE   SUBSTANCES. 

15S3.  Having  in  the  preceding  chapters  considered  the  properties 
of  the  elementary  substances,  and  such  of  their  compounds  as  can  be 
artificially  formed,  or  are  found  in  the  mineral  world,  we  proceed  in 
this  and  in  the  succeeding  chapter  to  examine  the  states  of  combination 
in  which  they  occur  in  organic  substances. 

The  several  sections  of  the  present  chapter  will  relate  to  the  forma-  Objecuof  thh 
tion  of  vegetable  substances  and  their  chemical  phvsiology;  to  the****"^**'* 
analysis  of  vegetable  products,  and  the  properties  of  their  proximate 
component  parts ;  and  to  the  phaenomena  and  products  of  fermentation. 


Sectioh  I.     Cf  the  Structure  and  Growth  of  Plants^  and  of  the  chemical 
Phcsnomena  of  Vegetation. 

1 524.  In  examining  the  external  structure  of  a  perfect  and  full-grown  Oiv«>» 
regetable,  or  plant,  the  essential  organs  of  which  it  is  observed  to  con-''  *° 
list  are  the  root,  the  stem,  the  leaves,  the  flowers,  and  the  seeds. 

The  root  serves  to  attach  the  plant  to  the  soil,  and  is  one  of  its  or-  Root, 
gs^s  of  nutriment ;  in  its  structure  it  closely  resembles  the  stem,  of 
which  it  may  be  regarded  as  a  continuation,  terminating  in  more  or  less 
minute  ramifications,  analogous  to  the  branches  deprived  of  leaves. 
The  stem  is  usually  erect  and  subdivided  into  branches  which  bear  thesu«. 
f eaves  and  dowers^  and  upon  which  the  ieeds  are  ultimately  produced.  Leair«, 

1626.  When  a  branch  of  a  tree  is  cut  transversely  it  exhibits  a  <^or-^^^^^^^^ 
tical portion^  or  bark;  wood;  9ndpith,  or  central  medullary  substance, m9dM*. 

The  bark  is  subdivisible  into  an  external  layer  or  cuticle,  under  which 
is  a  cellular  substance  lying  upon  the  innermost  part,  or  cortical  layers,  f^^  ***" 

1626.  The  cuticle  extends  over  every  part  of  the  plant ;  it  allows 
of  absorption  and  transpiration,  and  being  generally  transparent,  at  least 
upon  the  leaves  and  flowers,  it  admits  the  influence  of  light.  The 
cuticle  varies  in  texture  and  appearance  in  different  plants.  On  the^"^***' 
currant  and  elder  tree  it  is  smooth  and  scales  off :  on  the  fruit  of  the 
peach,  and  on  the  leaf  of  the  mullein,  it  is  covered  with  wool ;  on  the 
leaf  of  the  white  willow,  it  is  silky  ;  in  several  plants,  it  is  covered  with 
hair  and  bristles,  which  in  the  nettle  are  perforated  and  contain  a  ve- 
nomous fluid  :  on  the  plum  and  upon  many  leaves,  it  is  varnished  with 
a  resinous  exudation,  which  prevents  injury  from  rain :  it  is  fungous  on 
the  bark  of  the  cork  tree  :  and  on  grasses,  on  the  equisetum,  and  es- 
pecially on  different  species  of  the  rattan,  it  is  covered  with  a  glassy 
network  of  siliceous  earth. 

Silica  is  also  found  in  the  hollow  stem  of  the  bamboo,  constituting  the 
substance  called  tabasheery  the  optical  properties  of  which  are  peculiar, 
and  have  been  described  by  Dr.  Brewster. — Phil,  Trans.  1819. 

1527.  Under  the  cuticle,  or  epidermis,  is  the  parenchyma  j  a  softPtrtacbym. 


AM  mUp  LtAVPS,  AN»  FLOWEM. 

sabstance,  appearing  under  the  microscope  of  a  honeycombed  or  beo- 
gonal  cellular  structure,  resulting  from  the  mechanical  laws  wbicb  ii- 
fluence  the  pressure  of  soft  cylinders. 

c«rt}eai  Uy      1528.  The  cofiicoX  layers  appear  of  a  tubular  and  fibrous  texture. 

*"*  and  with  the  cellular  substance  receive,  and  elaborate  the  sap.    In  the 

older  branches  and  trunks  of  trees,  the  bark  consists  of  as  many  iaj- 
era  as  they  are  yean  old  ;  the  innermost  layer  has  been  called  the  1: 
6er,  in  which  the  most  essential  vital  functions  of  the  plant  appear  top 
on,  and  by  which  a  new  layer  of  wood  is  annually  secreted. 

s»p.wopa.  1529,  The  wood  consists  of  an  outer  stratum  of  living  wood  calld 

H«art-wood.  flje  a/6ttm«m,  or  gap-wood ;  and  an  inner  dead  part,  or  heart-tieood,  \i 
the  alburnum,  whicli  is  tubular,  the  sap  appears  to  rise  from  the  rooU: 
it  passes  into  the  leaves,  where  it  undergoes  changes^  and  thence  es- 
ters the  vessels  of  the  mner  bark,  in  which  new  parts  are  producd. 
and  which  is  thus  enabled  to  generate  new  wood. 

When  the  tubular  structure  is  examine^by  a  magnifier,  it  appean 
composed  of  vessels,  some  of  which  are  snnple,  others  perforated  is 
various  ways,  and  others  spiral.     The  fibres  of  the  wood  consist  o(* 

SDohooi  ua  concentric  and  diverging  layers,  which  have  been  cadled  the  spmm 

«lr.rgm«.    ^nd  the  «7wr  gram. 

Fitk.  1530.  The  ffHh  occupies  the  centre  of  the  wood  ;  it  is  very  fuiable 

in  quantity  in  plants  of  different  ages,  and  appears  not  to  be  of  e^n- 
tial  importance.  It  probably  sometimes  serves  as  a  reservoir  of  bob- 
ture. 

L««f«s.  1531.  The  /eav««  are  highly  vascular,  and  appear  composed  of  a 

woody  skeleton,  supporting  a  tubular  and  cellular  structure.  Tbey 
allow  of  evaporation  and  absorption,  and  in  them  the  sap  is  concocted 
and  rendered  fit  for  the  production  of  new  parts.  The  ibsor^iion  ani 
evaporation  principally  take  place  upon  the  lower  sur&ce  of  the  leaf 
In  most  plants  the  leaves  are  annually  re-produced. 

r^^^^'     *^^^'  The^Iowcr  consists  of  the  calyx,  or  green  suppotl  of  the  co- 

F^r«^eB,rd//a,  OT  floral  leaves;  and  of  the  pistil  asd  stamens.    The  pistil  is 

jSiV"****"'''"™^'*^^^^  by  the  style ^  and  is  connected  with  a  vessel  coataiiiiQg  the 
rudiments  of  ihe  seeds.  The  stamens  are  surmounted  by  asihersy  co- 
vered with  a  fine  powder  called  the  pollen^  and  which,  being  deposit- 
ed upon  the  style,  renders  the  seeds  productive. 

4M*'tom?«-     *^^^*  '^^^  *'*''  "  extremely  various  in  form.     It  consists  eascntial- 

4id«f  ""••**'ly  of  the  cotyledon,  the  plume,  and  the  radicle.  The  dotylcdon  con- 
tains the  matter  necessary  for  the  early  nutrition  of  the  pung  pl^^^ 
Sometimes  it  is  single  sometimes  double,  and  sometimes  <fivisabk  void 
several  lobes.  The  plume  afterwards 
produces  the  stem  and  leaves,  and  is 
enveloped  by  the  cotyledons ;  the  ra- 
dicle generally  projects  a  little,  and 
when  the  seed  vegetates  it  becomes  the 
root.  These  parts  are  usually  envelop- 
ed in  a  common  membrane,  and  are  well 
seen  in  the  garden  bean,  represented 
in  the  annexed  cut.  aa  are  the  cotyle- 
dons ;  b  the  plumula ;  c  the  radicle  ;  d 
d  the  external  membrane. 

1534.  When  a  seed  is  placed  under  favourable  circumstances  the 
different  parts  begin  to  groi^ ;  the  mem|)rane8  burst,  the  plumula  gn- 
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dually  expands  and  rises  to  the  surface  of  the  soil,  and  the  radicle  puts 
forth  ramifications,  and  becomes  a  root. 
These  changes  constitute  germination.  The 
cotyledons,  originally  insipid  and  farinaceous, 
become  sweet  and  mucilaginous,  and  furnish 
materials  for  the  early  nutriment  of  the  young 
plant,  before  its  root  and  leayes  ate  adequate 
to  their  full  functions ;  and  vessels  are  ob- 
served ramifying  throughout  the  cotyledons 
for  this  purpose,  as  here  represented. 

When  the  root  and  stem  have  acquired  a 
certain  degree  of  vigour,  the  cotyledons  ei- 
ther rot  away,  or  become  leaves  :  and  the  plant  then  derives  it  Doar-NoofbinDeDt. 
isbment  by  the  absorbing  powers  of  the  root  and  leaves,  the  former 
collecting  materials  from  the  soil,  the  latter  from  the  atmosphere. 

The  circumstances  requisite  for  the  healthy  germination  or  growth 
of  a  seed  are  principally  the  following :  1.  A  due  temperature,  which 
is  always  above  the  freezing  point,  and  below  100«.  2.  Moisture  in^^iJjj/*" 
due  proportion.  3.  A  proper  access  of  air,  the  oxygen  of  which  is 
slowly  converted  into  carbonic  acid.  The  joint  operation  of  these 
agents  also  is  required ;  for  seeds  exposed  to  air  and  moisture,  but 
kept  below  32^  y  will  not  grow,  though  they  are  not  injured  by  the  low 
temperature  :  nor  will  a  seed  vegetate  without  air,  though  moisture  be 
present  and  a  sufficient  temperature ;  this  is  shown  by  burying  seeds 
deep  in  the  soil,  and  by  the  spontaneous  vegetation  upon  newly-turned 
earth,  in  which  seeds  had  existed,  but  through  absence  of  oxygen  had 
been  unable  to  vegetate.  Hence  in  all  cases  of  tillage  the  seeds  should 
be  so  sown  as  that  the  air  may  have  access  ;  in  sandy  soils  this  is  easi- 
ly attained,  but  in  clayey  soils  the  adhesiveness  of  the  materials  is  of- 
ten the  cause  of  their  unproductiveness. 

1535.  As  the  plant  advances  to  perfection,  it  becomes  dependant  up- 
on the  air  and  soil  for  its  nutriment :  the  roots  absorb  moisture  and  Air  ud  lou. 
other  materials ;  and  the  leaves,  while  they  exhale  moisture,  frequent- 
ly absorb  carbon  from  the  carbonic  acid  present  in  the  atmosphere, 
and  evolve  oxygen.  This  evolution  of  oxygen  takes  place  while  plants 
are  exposed  to  the  solar  rays,  and  appears  one  of  the  most  efficient 
causes  hitherto  suggested  of  the  purification  and  renovation  of  the  air. 
In  the  night-titne,  the  leaves  of  plants  always  exhale  carbonic  acid, 
and  at  all  times  if  the  leaves  be  dying  or  unhealthy.  There  are  also 
certain  plants  which  appear  under  all  circumstances  rather  to  deterio- 
rate than  renovate  the  air  ;  t>n  the  whole,  however,  the  balance  is  in 
favour  of  ameUoration  (Davy's  Agricultural  Chem.  Ho,  p.  195.)  though 
the  disappearance  of  the  enormous  quantities  of  carbonic  acid  gas  con- 
tinually pouring  into  our  atmosphere,  can,  I  think,  scarcely  be  refer- 
red to  the  purifying  action  of  vegetables  alone. 

Under  certajft  circui^stances,  the  leaves  of  plants  also  absorb  a  con-Moutan. 
fiiderable  poftion  of  aqueous  vapour  and  water,  as  is  shown  by  the  re- 
suscitation of  a  drooping  plant,  on  sprinkling  it  with  water,  or  exposing 
it  to  a  humid  atmosphere.  It  is  probable  that,  in  healthy  vegetation, 
the  absorption  of  water  by  the  leaves  takes  place  in  the  night  season 
chiefly,  and  that  their  principal  function  in  the  day  is  that  of  transpirt- 
tioQ,*  Upon  these  subjects  the  reader  may  consult  Savssurb's  iiec^er- 
eke$  Ckimique$  sur  la  Figitation. 
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!636.  The  fluid  found  in  the  yesseh  of  plants  is  called  their  $af  ;  k 
has  a  motion  in  the  yessels,  and  appears  to  rise  from  the  roots  in  a  series 
of  tub^s  in  the  alburnum  ;  it  then  circulates  in  the  leaves,  becomes 
changed  considerably  in  composition,  and  enters  the  vessels  of  the  in- 
ner bark,  enabling  it  to  produce  a  new  layer  of  wood,  and  to  form  the 
peculiar  secretions  which  belong  to  it,  and  which,  in  smaller  quantity, 
are  tdao  found  in  other  parts  of  Uie  Vegetable* 

The  cause  of  the  motion  of  the  sap  has  never  been  satisfactorily  ac- 
counted for,  though  it  is,  perhaps,  principally  referable  to  the  contrac- 
tion and  expansion  produced  by  changes  of  temperature. 

That  the  sap  ascends  in  the  albumumy  and  descends  in  the  Uber,  or 
inner  bark,  is  shown  by  makii^  an  incision  into  the  former  and  latter. 
The  wound  of  the  one  will  etude  upon  its  lower  surface,  and  of  the 
other  upon  its  upper  surface  : '  and  if  a  circular  strip  of  bark  be  remo?- 
ed  from  a  small  branch  of  a  ti^ee  near  the  item,  there  will,  of  course^ 
be  an  accumulation  of  sap  in  that  branch,  and  its  produce  of  leaTes, 
flowers,  and  fruit,  is  oflen  remarkably  increased  by  such  an  operatioD. 

if  the  alburnum,  on  the  contrary,  of  a  branch  be  completely  divided, 
it  dies,  as  nourishment  is  then  excluded  ;  a  fact  pointed  out  by  Mr. 
Knight ;  who  has  also  shown,  in  proof  of  the  situation  of  the  vesseli 
carrying  the  ascending  sap,  that  coloured  fluids  awlied  to  the  root  al- 
ways pass  upwards  inthe  tdbumum  only. — PhiL  Trans.  1801. 

1637.  The  sap  of  plants  is  of  ve^y  various  composition,  and  coataiDS, 
besides  certain  proximate  vegetable  principles,  several  saline  snbstaor 
ces,  e^ecially  the  acetates  of  potassa,  and  of  lime  :  it  also  often  eihi- 
bitB  traces  of  uncombined  vegetable  acids.  The  sap  of  the  elm,  beech, 
hornbeam,  and  birch,  have  been  examined  by  Vauqaelin,  (Jnnala  de 
Ckitnie,  xxxi.)  Dr.  Prout  has  given  some  accouot  of  the  sap  of  the 
vine ;  and  Professor  Soberer  has  analyzed  the  sap  ef  the  common  ma* 
pie.  (Thomsoh's  System^  iv.  212.)  It  is,  however,  almost  impossible 
to  collect  the  ascending  sap  without  admixture  of  some  other  juices  of 
the  plant,  so  that  the  analyses  only  afibrd  approximations  to  its  real 
composition. 
HtttofpiMU.  1^38.  The  heat  of  plants  is  in  many  instances  above  that  of  the 
surrounding  medium,  and  there  are  cases  on  record  in  which  a  very 
marked  elevation  of  temperature  has  been  observed  in  them,  bat  upon 
this  subject  we  have  as  yet  no  accurate  researches. — Smithes  Inirodttc- 
iion  to  dotofiy,  p.  89. 

1539.  Though  the  presence  of  light,  air,  and  moisture,  aided  by  a 
due  temperature,  are  the  principal  requisites  for  the  growth  of  plants, 
these  are  not  the  only  essentials,  for  they  also  derive  nutriment  from 
the  soil,  which  becomes  impoverished  by  their  growth,  and  ultimately 
incapable  of  supporting  healdiy  vegetation,  unless  aided  by  manure*. 
It  is  thus  that  the  alcaline,  earthy,  andsahne  ingredients  of  plants  are 
furnished,  and  quick-growing  vegetables  require  a  constant  supply  of 
these  substances. 

1540.  Manures  are  of  vegetable,  animal,  or  mineral  origin.  The 
two  former  are  capable  of  affording  two  of  the  essential  ingredients  d 
plants,  namely,  carbon  and  hydrogen ;  they  may  also  yield  some  of 
the  more  immediate  principles  found  in  vegetables.  The  mere  exist- 
ence, however,  of  vegetable  matter  in  the  soil,  is  not  sufficient  to  con- 
stitute it  a  manure  ;  it  must  be  reduced  to  ^  soluble  state  ;  to  a  state  is 
Which  it  can  be  absorbed  by  the  roots  of  a  growing  vegetable  \  thi»  ^ 
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ohen  effected  by  fermentation  or  putrefaction,  or  by  applying  the  ve* 
getable  matter  in  a  green  state,  as  by  ploughing  in  a  green  crop. 
Where  the  vegetable  matter  is  in  an  inert  insoluble  form,  it  will  be  of 
po  avail  unless  rendered  active  and  soluble,  which  is  effected  either  by 
mixing  it  with  such  kinds  of  imimal  matter  as  undergo  quick  putrefiic- 
tion,  and  are  themselves  propitious  to  the  growth  of  vegetables  ;  such, 
for  instance,  as  dung,  rotten  fish,  or  decaying  parts  of  animate  ;  or,  by 
the  operation  of  alcaline  bodies,  such  as  quicklime,  ^c. 

When  newly  burned  lime  is  strewed  over  a  soil  containing  inert  ve- 
getable matter,  it  acts  upon  it,  and  renders  it  more  or  less  soluble ; 
while  the  lime,  by  absorbing  moisture  and  carbonic  acid,  is  slaked,  and 
passes  into  the  state  of  chalk,  which  is  not  hurtful  to  vegetables,  and 
oi\en  fk  very  useful  addition  to  the  soil :  but  when  limestone  contains 
magnesia,  that  earth  remains  caustic,  and  sometimes  proves  highly  in- 
jurious.— Davy's  Agricultural  Chemiitry^  4to.  p.  234. 


Sec^on  II. 


Of  ike  Composition  and  Anal^m  of  Vegetable  Suhsiancetf 
\nd  of  their  idtimate  and  proxitnate  Principlei, 


1541.  The  ultitnate  principles  of  vegetable  substances  are  few  in 
number ;  but  by  being  combined  in  various  proportions,  they  give 
rise  to  a  series  of  compounds  materially  differing  from  each  other,  and 
which  may  be  called  their  proximate  component  parts. 

Carbon,  hydrogen,  and  oxygen,  are  the  principal  ultimate  compo-uitimttAiKte- 
nents  of  vegetables :  some  afford  nitrogen ;  in  some  there  are.  traces  **'^'*' 
of  sulphur  ;  and  in  their  sap  or  juices  we  find  small  proportions  of  po- 
tassa  and  of  lime,  sometimes  of  soda  and  of  magnesia ;  these  bodies  are 
combined  with  acids,  and  chiefly  obtained  by  burning  or  inciaeration^ 
It  has  already  been  said,  that  some  plants  contain  silica ;  sulphate  of 
lime  is  found  in  clover,  nitrate  of  potassain  the  sap  of  the  sun-flower^ 
and  nitrate  of  soda  in  barley.  Common  salt  is  a  very  frequent  ingre* 
dient  in  marine  plants ;  phosphate  of  lime  is  found  in  oats  and  some 
other  seeds ;  and  nearly  all  v^etables  yield  traces  of  oxide  of  iron, 
and  many  of  oxide  of  manganese.  In  Saussurs's  Chemical  Researches 
on  Vegetation^  and  in  the  fourth  volume  of  Dr.  Thoicson's  System  of 
Chefmstry^  are  copious  tables,  showing  the  earthy  and  saline  consti- 
tuents of  vegetables.' 

1542.  When  vegetable  substances  are  submitted  to  destructive  dis- 
tillation, the  carbon,  hydrogen,  and  oxygen  which  they  contain  enter 
into  new  arrangements,  and  a  variety  of  products  are  obtained,  differ* 
ing  in  quantity  and  quality  according  to  the  nature  of  the  vegetable  sub- 
stance, and  varying  with  the  mode  of  distillation.  Water,  empyreu- 
matic  oil,  acids,  carbonic  oxide  and  acid,  and  carburetted  hydrogen,  are 
in  this  way  formed  ;  and  if  the  vegetable  contain  nitrogen,  ammonia 
may  be  obtained.  A  portion  of  charcoal,  with  the  saline  and  earthy 
ingredients,  remains  in  the  retort.  By  a  careful  analysis  of  these  pro- 
ducts, the  relative  proportions  of  carbon,  hydrogen,  and  oxygen,  and  of 
nitrogen,  if  present,  may  be  judged  of.  The  following  form  of  appa- 
ratus may  be  used  in  thete  reaearchcs : 


460 


AnALtSlB  or  VEOETlBlEfr 

e 


•  is  a  glass  or  earthen  retort,  containing  the  vegetable  substance  in  he 
decomposed,  and  placed  in  a  sand  heat  upon  the  fomace  b,  which  i? 
gradually  raised  to  a  red  heat  It  is  connected  by  the  adapter  c  with  the 
receiver  d,  which  is  kept  cool  for  the  condensation  of  the  liquid  pro- 
ducts ;  the  gases  pass  into  the  bell-glass/  standing  over  mercury,  t'ts 
a  tube  of  saifety,  to  allow  for  sudden  expansion  or  contraction  ;  there 
being  in  its  lower  part  a  small  quantity  of  mercury  which  is  occasiooai- 
ly  elevated  or  depressed.  The  joints  are  secured  by  lute. 
A1WI71M  witb  1^43.  An  improved  mode  of  ascertaining  the  relative  propoiii(»i8  of 
^^^9ifo-ihe  ultimate  component  parts  of  vegetable  products  has  been  deriMd 
*^*^  by  MM.  Gay  Lussac  and  Thenard,   (^Rechercksi  Pkynco-ChiliMinii, 

Tom.  ii.)  It  consists  in  burning  the  vegetable  substance  with  chlorate 
of  potassa  (546.)  The  requisite  proportion  0f  the  chlorate,  ascertaio- 
ed  by  previous  experiment,  is  mixed  with  a  given  weigk  oi  the  ren- 
table matter,  and  made  into  a  small  ball,  which  is  dried,  aod  boned  io 
the  apparatus  described  in  the  opposite  page.  The  gases  are  collected 
oyer  mercury.  The  carbonic  acid  is  absorbed  by  fo/tition  of  potassa : 
if  nitrogen  be  present,  it  will  be  found  in  the  renduary  gas ;  if  carba- 
retted  hydrogen  has  been  disengs^ed,  its  quantity  and  composition  may 
be  ascertained  by  detonation  with  oxygen.  There  should,  however, 
always  be  allowance  made  for  the  production  of  excess  of  oxjgen : 
thus  the  quantity  of  carbon  is  estimated  from  that  of  die  caibonic  acid 
formed  ;  the  quantity  of  hydrogen  is  deduced  from  that  of  the  oxygen 
which  has  disappeared  for  the  production  of  water ;  and  the  quantity  of 
oxygen  is  learned  by  the  remaining  excess. 

The  details  of  the  process  will  be  found  in  the  fourth  volame  of  M. 
Thenakd's  TVattf  da  ChimU,  vrith  the  following  arrangement  aad  des- 
cription of  the  apparatus. 
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A  hole  is  made  through  a  brick,!.,  aod  the  glass  tube  aa  is  passed 
through  it  as  far  as  to  the  small  lateral  tube  bb,  which  passes  into  the 
mercurial  'trough.  The  lower  extremity  of  the  tube  rests  upon  the 
grate  g,  where  it  is  to  be  heated  red-hot  by  charcoal,  inflamed  by  the 
lamp  H.  A  brass  cock  is  fitted  by  grinding,  to  the  tube  cc.  It  has  a  so- 
lid.plug,  DD,  in  which  is  a  cavity  large  enough  to  contain  one  of  the  balls 
to  be  analyzed,  and  which  is  introduced  at  the  opening  e.  The  plug  is 
then  turned  round,  and  the  ball  falls  into  the  red-hot  part  of  the  tube, 
where  it  bums,  the  gases  passing  into  the  mercurial  apparatus,  ff  is  a 
basin,  into  which  ice  may  be  introduced  to  Jceep  the  metallic  parts  of  the 
apparatus  cool.  It  is  convenient  to  case  the  lower  part  of  the  tube  a  in 
iron,  as  it  is  sometimes  blown  out  at  that  part  by  the  expansion  within. 

Further  directions  respecting  this  process,  with  some  observations 
upon  it  by  Mr.  Daniell,  will  be  found  in  Mr,  Children's  translation  of 
M.  Thenard's  volume  on  Analysis. 

1544.  A  simpler,  and  in  some  respects,  preferable  means  of  ana-wiibmeteiiie 
lyzing  vegetable  8u\Mtaiices»  consists  in  exjposing  them  to  heat  with  cer-®"^** 
tain  metallic  oxides  in  vessels  which  admit  of  our  coUecting  the  resi* 

due  and  products  of  combustion.  For  this  purpose,  procure  a  copper 
tube,  bored  from  a  solid  bar^  about  twelve  inches  long,  and  one-third 
of  an  inch  internal  diameter,  with  a  bent  brass  tube  ground  to  its  open 
end,  to  which  is  attached,  abo  by  grinding,  a  glass  tube  containing  pow- 
dered muriate  of  lime,  mid  bent  so  as  conveniently  to  pass  under  the 
shelf  of  the  mercurio- pneumatic  apparatus  ;  the  muriate  of  lime  may 
be  kept  it  its  place  by  some  loose  amianthus,  and  the  weight  of  the 
glass  tube  should  be  carefully  ascertained.,  Fill  the  brass  tube  loosely 
with  dry  amianthus  ;  weigh  out  3  grains  of  the  vegetable  substance  to 
be  analyzed,  and  mix  these  intimately  .with  120  grains  of  finely-pow^ 
dered  peroxide  of  copper  ;  put  this  mixture. into  the  bottom  of  the 
copper  tabe,  and  afterwards  fill  it  up  loosely  with  oxide  of  copper ; 
then  attach  the  brass  and  glass  tubes,  and  arrange  the  apparatus  so  that 
the  open  end  of  the  latter  may  be  brought  under  an  inverted  jar  of  mer- 
cury, and  the  copper  tube  placed  in  a  small  furnace  and  surrounded 
with  burning  charcoal,  taking  care  to  apply  the  heat  in  the  first  instance 
to  the  upper  part  of  it,  and  afterwards,  to  the  bottom  containing  the 
vegetable  matter ;  care  should  be  taken  to  make  the  whole  of  the  cop- 
per tube  gradually  dull  red,  and  to  keep  the  brass  tube  as  cool  as  pos- 
sible by  a  damp  cloth.  During  this  operation  the  carbon  of  the  vege- 
table matter  will  be  converted  into  carbonic  acid,  and  collected  over 
the  mercury  ;  the  nitrogen,  if  uny,  will  be  mixed  with  it,  and  the  hy- 
drogen will  be  converted  into  water,  and  absorbed  by  the  muriate  of 
lime.  The  carbonic  acid  may  be  absorbed  by  liquid  potassa,  and  its 
bulk  furnishes  a  datum  upon  which  to  calculate  the  proportion  of  car- 
bon, while  the  increase  of  weight  in  the  muriate  of  lime  shows  the 
quantity  of  water  formed,  and  consequently  the  quantity  of  hydrogen 
in  the  matter  subjected  to  analysis.  If  we  find  the  aggregate  weight  of 
the  carbon  and  hydrogen,  or  of  the  carbon,  hydrogen,  and  nitrogen, 
equal  to  that  of  the  original  vegetable  substance,  no  oxygen  was  pre- 
sent ;  but  if  there  be  a  deficiency  it  may  be  referred  to  oxygen. 

1545.  In  all  analyses  thus  conducted,  the  vegetable  substance  should 
either  be  previously  perfectly  dried,  oc  the  quantity  of  adhering  wa- 
ter, if  there  be  any,  allowed  fpr  in  summing  up  the  result  ;  with  every 
precaution,  however,  the  method  is  open  to  objections,  and  hable  to 
several  sources  of  fallacy.     Indeed,  although  I  have  frequently  made 
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luch  experiments  with  everj  possible  caution,  I  have  in  no  one  iottance 
gained  satisfactory  results ;  the  quantity  of  catbon  may,  it  is  true,  be 
obtained  with  sufficient  accuracy ;  but  the  greatest  difficulty  attends 
the  collection  of  the  water  which  is  formed,  and  all  estimates  that  I 
have  been  able  to  make  of  the  relative  proportions  of  oxygen  and  hy« 
drogen  bave  been  so  exceedingly  at  variance  in  different  trials,  as  en- 
tirely to  shake  my  confidence  in  the  accuracy  of  the  mode  of  analysis; 
and  the  same  difficulty  occurs  in  respect  to  the  nitrogen.  When* 
therefore,  I  see  the  results  of  the  analysis  of  a  single  grain  of  Tegeta> 
ble  matter  detailed  to  the  third  decimaJ  number,  i  cannot  but  suspect 
that  theory  has  more  share  in  the  result  than  experiment,  more  espe- 
cially when  such  analysis  is  made  the  basis  of  an  atomical  calculation. 
164^.  By  subjecting  different  vegetable  substances  to  ultimate  ana- 
lysis, MM.  Gay-Lussac  and  Tbeaanl  consider  themaelves  warranted  jo 
drawing  the  following  conclusions : 

a.  A  ve^table  substance  is  always  acid,  when  the  oxypep  which  it 
contains  is  to  the  hydrogen,  in  a  proportion  greater  than  is  necessary 
to  form  water,  or  where  there  is  excess  of  oxygen, 

b.  A  vegetable  substance  is  resinous,  oily,  or  alcoholic,  where  tbe 
oxygen  is  to  the  hydrogen  in  a  less  proportion  than  in  water,  or  wkit 
there  is  exceu  of  hydrogen. 

c.  A  vegetable  substance  is  neither  acid  nor  resinous,  but  sacclia- 
rtne,  mucilaginous,  4^c.,  where  the  oxygen  and  hydrogen  are  in  the  same 
relative  proportion  as  in  water,  or  wh«re  there  is  no  exoesi  i^ei^. 

To  the  correctness  of  these  results,  there  are  some  exceptions  which 
have  been  pointed  out  by  M.  Saussure  (Tuoafsoir's  Annals,  Vol.  vi.,) 
and  by  Mr.  Daniell  (Journal  of  Science  and  Arts,  Vol.  vi.  p.  326,)  and 
which  tend  considerably  to  shake  oar  confidence  in  their  entire  accuncy. 

The  following  Table  exhibita  the  results  of  the  analysis  of  several 
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CaiboB. 

Watef. 
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OxyiMv 

Sugar      ,     .     . 

42.47 

60.63 

6.90 

42.47 

57.53 

0 

Gum  arabic 

42.23 

60.84 

6.93 

42.23 

57.77 

0 

Starch    .     •     . 

43.65 

49.68 

6.77 

43.55 

56.46 

0 

Sugar  of  milk  . 

38.826 

63.834 

7.341 

38.825 

61.176 

0 

Oak   ...     . 

62.53 

41.78 

5.69 

52.53 

47.47 

0 

Beech    .    .     . 

61.46 

42.73 

5.82 

51.46 

48.65 

0 

Mucous  acid 

33.69 

62.67 

3.61^ 

36.69 

30.16 

36.15 

Oxalic  acid .     . 

26.67 

70.69 

2.74 

33.67 

22.87 

60.66 

Tartaric  acid    . 

24.05 

69.32 

6.63 

24.05 

65,24 

20.71 

Citric  acid  •     • 

33.81 

59.86 

6.33 

33.81 

62,75 

13.44 

Acetic  acid  .     . 

60.22 

44.15 

6.63 

60.22 

46.91 

2.87 

bydro^B 
LaciccH 

Resin  of  turpent. 

76.94 

13.34 

10.72 

75.94 

15.16 

8.90 

Copal     .     .     . 

76,81 

10.61 

12.68 

76.81 

12.05 

11.14 

Wax  .... 

81.79 

6.64 

12.67 

81.79 

6.30 

41.91 

Olive  oU      .     . 

77.21 

9.43 

13.36 

77.21 

10.71 

12.08 
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aubstahces,  by  the  mode  above  described.     Thenaro's  Treatise  on 
Chemical  Analysisy  translated  by  A.  Merrick. 

1547.  The  proximate  principles  of  vegetables  are  chiefly  sefparable  Proximste 
from  each  other  by  the  action  of  certain  solvents,  of  which  the  princi- '*""**'***'• 
pal  are  cold  and  hot  water,  alcohol,  ether,  and  a  few  of  the  acids. 
The  manner  of  applying  these  will  be  made  more  obvious  by  the  de- 
tails in  the  following  sections,  than  by  any  general  account  which  could 
here  be  given  of  the  various  steps  of  the  analysis. .  The  number  of 
proximate  principles  which  are  thus  capable  of  being  distinguished  and 
separated  from  each  other,  is  considerable  ;  those  which  have  been 
most  accurately  examined  are  enumerated  in  the  following  Table,  and 
will  each  form  the  subject  of  a  separate  section ;  while  those  which 
are  less  perfectly  known,  will  be  adverted  to  under  the  titles  of  those 
which  they  most  nearly  resemble. 

.     1  Gum.  '  12  Resins. 

2  Sugar.  13  Narcotic  principles. 

3  Starch.  ^            14  Bituminous  substances. 

4  Gluten.  15  Vegetable  acids. 

5  Extractive  jnsitter  and  Lignin.     a.  Tartaric  acid. 

6  Tannin.  6.  Oxalic  acid. 

7  Colouring  matter.  .  c.  Benzoic  acid. 

8  Wax.  d.  Citric  acid.  - 

9  Fixed  oil.  e.  Malic  acid. 

10  Volatile  o0.  /*  Gallic  acid. 

11  Camphor. 


Section  III.    Gum. 

1548.  GvM  is  contained  in  considerable  quantities  in  the  sap  of  many 
vegetables,  and  frequently  appears  as  a  spontaneous  exudation.  Crum 
arable  may  be  taken  as  a  specimen  of  pure  gum.  Its  specific  gravity 
is  about  1.4.  It  has  a  slightly  yellow  tint,  and  is  translucent,  inodo- 
rous, and  insipid.  It  dissolves  in  water,  forming  a  viscid  solution,  orPropeni^k. 
mtfct'/cege,  from  which  it  may  be  obtained  in  its  original  state  by  eva- 
poration ;  it  is  insoluble  in  alcohol,  which,  therefore  causes  a  white 
precipitate  in  its  aqueous  solutions ;  it  is  also  insoluble  in  ether  and 

oils  ;  it  undergoes  no  change  by  exposure  to  air,  and  its  aqueous  solu- 
tion does  not  ferment,  but  only  becomes  slightly  sour  when  kept  for 
a  long  time. 

1549.  Gum  is  decomposed  by  sulphuric  and  nitric  acids :  the  for- 
mer produces  water,  acetous  acid,  and  charcoal ;  the  latter,  among 
other  products,  converts  a  portion  of  the  gum  into  a  white  acid  sub- 
stance, called  the  mucous  acidy  and  which  is  analogous  to  that  obtained  Mueousacij. 
from  sugar  of  milk,  or  sacckolactic  acid^  under  which  head  its  prepa- 
ration is  mentioned :  malic  and  oxalic  acids  are  also  formed. 

Dilute  sulphuric,,  and  muriatic  acids,  dissolve  gum  without  change. 

1550.  The  dcalies,  and  solutions  of  the  alcaline  earths,  also  dis-SoiTtautt 
solve  gum,  and  the  addition  of  acids  occasions  its  partial  precipitation '^^ 
without  having  undergone  much  apparent  alteration.    It  combines  with 

a  few  of  the  other  metallic  oxides.    A  strong  solution  of  permuriate 
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of  iron,  dropped  into  a  concentrated  mocilage,  forms  a  brown  jelly  of 
difficult  solubility.  Silicated  potassa  also  occasions  a  wbite  flaky  pre- 
cipitate  in  dilute  mucils^e,  and  is,  according  to  Dr.  Thomson,  a  yeTy 
delicate  test  of  g[um.  By  mixing  caustic  ammonia  witb  a  boiling  eola- 
tion of  gum,  and  then  adding  subnitrate  of  lead,  Berzeliua  obtained  a 
white  precipitate  {gummcUe  of  lead)  composed  of 

Gum 61.75 

Oxide  of  lead    .  .  38.26 


100. 

If  this  compound  be  regarded  as  consisting  of  1  proportional  of  gmn. 
and  1  of  oxide  of  lead,  the  number  181  mi^t  be  assumed  as  the  re- 
presentative of  gum,  for  38.25  :  61.75  :  :  1 12  :  180.8.  But  if  we  cod* 
sider  it  as  a  compound  of  2  of  gum  and  t  of  oxide,  then  90.5  would  be 
the  equivalent  of  gum,  and  the  following  numbers  nearly  agree  with 
its  composition,  as  deduced  from  experiment : 

6  Proportionals  of  oxygen     8 

6 hydrogen  1 

6 carbon  .  6 


X 

6 

3= 

48.0 

= 

53.3 

X 

6 

=r 

6.0 

^ 

6.6 

X 

6 

ss 

36. 

= 

40 

Otb«r 


90 


99.9 


1551.  Submitted  to  destructive  distillation,  gum  affords  carbooic  acid 
and  carburetted  hydrogen  gases,  empyreumatic  oil,  water,  and  a  con- 
siderable quantity  of  impure  acetic  acid,  once  considered  as  a  peculiar 
acid,  and  distinguished  by  the  term  pyromucous  acid, 

1552.  There  are  several  varieties  of  gum  differing  a  little  from  each 
other.  Chtrry-iree  gum  and  gum  tragacaiUk  do  not  ^^s&olve  in  cold 
water,  but  in  other  respects  their  properties  resemble  those  of  gum 
arabic.  To  these  mietiea  the  generic  term  of  Cerostn  has  been  ^ven 
by  some  chemists. 


Section  IV.    Sugar. 

1553.  Sugar- may  be  extracted  from  the  juice  of  a  number  of  vege- 
tables, and  is  contained  in  all  those  having  a  sweet  taste  ;  that  which  a 
commonly  employed  is  the  produce  of  the  arundo  jaceAartfero,  or  »- 

prep^ntioB.  gar-cant^  a  plant  which  thrives  in  hot  climates.  Its  juice  is  expressed 
and  evaporated  with  the  addition  of  a  small  quantity  of  lime»  uatil  it 
acquires  a  thick  consistency ;  it  is  then  transferred  into  wooden  cool- 
ers, where  a  portion  concretes  into  a  crystalline  mass,  which  is  drained 
and  exported  to  this  country  under  the  name  of  mu$eovado^  or  roar  in- 
gar.     The  remaining  liquid  portion  is  molanes^  or  treacle, 

1554.  The  following  is  a  sketch  of  the  process  by  which  raw  sugar 
is  purified  in  this  country. 

Raw  sugar  is  chosen  by  the  refiner  by  the  sharpness  andbri^toeai 
of  the  gram,  and  those  kinds  are  preferred  which  have  a  peculiar  grey 
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hue.  Soft-grained  yeOow  sugars,  although  they  may  be  originally 
whiter,  are  not  so  fit  for  the  purposes  of  the  manufactory,  and  it  is  for 
this  reason  that  sugars  from  particular  countries  are  never  used  :  such 
are  those  from  the  East  Indies,  Barbadoes,  ^c.  They  do  not  possess 
the  property  of  crystallizing  so  perfectly^  and  approach  in  this  respect 
to  the  nature  of  grape  sugar. 

There  appear  to  be  two  perfectly  distinct  kinds  of  saccharine  mat- Two  loais  «f 
ter;  one,  when  pure,  is  transparent  and  colourless,  and  crystallizes  S2f£^ 
under  proper  management  in  a  regular  form,  generally  in  flattened  six- 
tided  prisms  ;  the  other  is  uncrystallizable,  and  generally  highly  charg- 
ed with  colouring  matter.  This  colouring  matter  is  not,  perhaps,  es- 
sential to  it,  but  may  arise  in  the  present  case  from  the  effect  of  fire, 
by  the  agency  of  which  it  is  peculiarly  prone  to  decomposition.  We 
may  mention,  as  familiar  instances  of  these  two,  white-iugar^cwudy  and 
treacle.  The  juice  of  the  cane  is  composed  of  these  ingredients,  and 
though  they  are  in  some  degree  separated  in  our  Indian  colonies  by 
the  process  of  evaporation  and  filtration,  yet  the  raw  sugar  which  we 
receive  contains  still  much  of  the  latter  combined  with  the  former. 
The  process  of  refining  consists  in  further  separating  the  two. 

The  proper  sugar  being  selected,  the  pant,  which  resemble  in  some 
measure  those  used  in  the  West  Inddes,  are  chaiged  with  a  certain  por- 
tion of  lime-water,  with  which  bullocks'  blood  is  well  mixed  by  agita-^ime  water. 
tion.  They  are  then  fiUed  with  the  sugar,  which  is  suffered  to  stand  biMa! 
a  night  to  dissolve.  The  use  of  the  lime-water  is  not,  as  is  generally 
supposed,  to  neutralize  any  free  acid  in  the  raw  material :  but,  by 
combining  with  the  molasses,  to  render  it  more  soluble,  and  thus  to  fa- 
cilitate its  separation  from  the  pure  solid  sugar.  In  the  purer  kinds, 
and  more  especially  when  the  refined  is  again  melted  over  for  the  pur- 
pose of  bringing  it  to  its  utmost  degree  pf  purity,  lime  is  not  used,  the 
quanti^  of  moksses  being  so  simdl  as  to  he  easily  removed  by  the 
agency  of  water  alone. 

Fires  are  lighted  under  the  pans  early  m  the  morning,  and  when  the 
liquid  begins  to  boil,  the  albumen  of  the  blood  coagulates  and  rises  to 
the  top,  bringing  all  the  impurities  of  the  sugar  with  it.  These  are 
taken  off  with  a  skimmer.  The  liquid  is  kept  gently  simmering  and 
continually  skimmed,  till  a  small  quantity,  taken  in  a  metallic  spoon, 
appears  perfectli|r  transparent:  this  generally  takes  from  four  to  five 
hours.  The  whiteness  of  the  sugar  is  not  at  all  improved  by  this  pro-CoaeemntiA. 
cess,  but  is  even  sometimes  deteriorated  from  the  action  of  the  fire  :  it 
only  serves  to  remove  all  foreign  impurities.  When  the  solation  is 
judged  to  be  sufficiently  clear,  it  is  suffered  to  run  off  into  a  large  cis-  , 

tern.  The  pans  are  then  reduced  to  half  their  size  by  taking  off  their 
fronts,  and  a  small  quantity  is  returned  into  each.  The  fires  are  now 
increased,and  the  sugar  made  to  boil  as  rapidly  as  possible,  till  a  small 
quantity  taken  on  the  thumb  is  capable  of  being  drawn  into  threads  by 
tl^e  fore-finger.  Nothing  but  practice  can  ascertain  the  exact  point  at 
which  the  boiling  should  be  stopped  :  if  it  is  carried  too  far,  the  molasses 
is  again  bound  up  with  the  sugar ;  and  if  it  is  not  carried  far  enough, 
nauch  of  the  sugar  runs  off  with  the  molasses  in  the  afler-process. 
When  this  point  is  ascertained,  the  fire  is  instantly  damped,  and  the  boil- 
ing sugar  carried  off  in  basins  to  the  coolers ;  a  fresh  quantify  is  then 
pumped  into  the  pans,  which  is  evaporated  in  the  like  manner. 

When  the  siigar  is  in  the  coolers,  it«is  violently  agitated  with  wood-Omutuaon. 

3Cl 
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en  oars  till  it  appeain  thick  and  granulated,  and  a  portidn  taken  <yti  the 
finger  is  no  longer  capable  of  being  drawn  into  threads.  It  is  upon 
this  agitation  in  the  cooler  that  the  whiteness  and  fineness  of  gndo  io 
tiie  refined  sugar  depends.  The  crystals  are  thus  broken  whdst  form- 
kigi  and  by  this  means  the  whole  is  converted  into  a  granular  maa, 
which  permits  the  coloured  liquid  saccharine  matter  to  run  off, 
and  which  would  be  combined  with  the  solid  if  suffered  to  form  m  lar- 
ger crystals.  This  granular  texture,  likewise  &cilitates  the  percola- 
tion of  water  throo^  the  loaves  in  the  after^^process,  which  washes 
the  minutely-divided  crystals  from  all  remaining  tinge  of  the  molasses. 
That  this  is  the  true  theory  of  the  whitening  of  sugar  by  the  process  of 
refining,  appears  from  a  comparison  with  tibe  process  for  makim  cao- 

cua^ijlf .  dy.  In  this  latterj  the  raw  material  is  cleared  and  boiled  exactly  id 
the  same  manner ;  but  instead  of  being  put  into  coolers  and  agitated, 
It  is  poured  into  pots,  across  which  threads  are  strung,  to  winch  tbe 
crystals  attach  themselves :  these  are  set  in  a  stove,  ai^  great  care  is 
taken  not  to  disturb  the  liquid,  as  upon  this  depends  the  laij^Bessaod 
beauty  of  the  candy.  In  ^ns  state  it  is  left  for  five  or  six  days,  eipos- 
ed  to  a  heat  of  about  95^,  when  it  is  taken  out  and  washed  wi^  ltee« 
Wat^r  :  this  takes  off  the  molasses  from  the  outside,  but  a  great  fan- 
tity  is  combined  in  the  crystals,  and  the  consequence  is,  tlurt  candy  is 
never  whiter  than  the  sugar  from  which  it  is  made. 

When  the  sugar  has  arrived  at  that  granulalr  state  in  tiie  coc^rs 
above  described,  it  is  poured  into  conical  earthen  moulds,  which  hare 
previously  been  soaked  a  night  in  water.  In  these  it  jSH  agBon  agitated 
with  sticks,  ibr  the  purpose  of  extricating  die  air-bubUes  which  wtHiid 
otherwise  adhere  to  the  sugar  and  the  moulds,  and  leave  the  coat  of 
the  loaf  rough  and  uneven.  When  sufficiently  coM,  tiie  loaves  are 
raised  up  to  some  of  the  upper  floors  of  the  manufiicteTy,  and  the  pa- 
per stops  being  removed  from  their  points,  they  are  set,  with  their 
broad  ends  upward,  upon  earthen  pots.  The  first  por^ons  of  the  U- 
quid  molasses  soon  run  down,  and  leave  the  sugar  much  whitened  by 
tl&e  separation.  This  self-clearance  is  much  assisted  by  a  higt  teat- 
perature ;  and  when  it  is  perfected,  pipe^cky,  careftlly  mited  op 
with  Water  to  the  consistence  of  thick  cream,  is  put  upon  Uie  loaves  to 
the  thiefcnesa  of  about  an  inch :  the  water  from  this  slovrly  percolates 
the  loaves ;  aaid,  washing  the  solid  sugar  from  ail  remains  and  tia^  of 
the  moksses,  runs  into  the  pots.    The  cfoy  b  of  no  other  use  than  to 

ci^^*  retain  the  water,  and  prevent  its  running  too  rafMly  through  the  maw, 
by  which  too  much  of  the  sugar  would  he  dissolved  :  a  sponge,  Apped 
in  water,  acts  in  the  sa^ne  manner.  The  process  of^Utyit^  is  rtpeat- 
ed  four  or  five  times,  according  to  the  nature  of  the  sugar,  and  the  de- 
gree to  which  it  has  been  boiled.  When  the  loavea  are  perfectly 
cleansed  from  all  remains  of  the  coloured  fluid,  they  are  suffered  to 
remain  some  time  for  the  water  to  drain  off;  when  this  is  con^ted, 
they  are  set,  wi&  their  faces  down»  when  all  remains  of  it  retornfrom 
their  points,  and  it  is  equally  diffused  throughout :  they  are  then  set  in 
a  stove,  heated  to  about  95*,  and  thoroughly  dried. 

The  synip,  or  the  mixed  solution  of  sugar  and  molasses  which  nms 
into  the  pots>  is  mingled  in  the  next  boilings  with  the  solution  of  raw 

^^^jl  ■**8*''  in  the  pans,  and  sfprn  evaporated.  It  is  divided  according  to  its 
finenesa  ;  the  first  running  containing,  of  course,  more  molasses,  is  re- 
served for  the  coarser  Icmves ;  whilst  the  last,  being  littie  dsc  than  a 
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flolution  of  sugar,  ia  boiled  into  loavet,  of  the  same  d^ee  of  fineneBfl 
as  those  from  which  it  ran.     The  lowest  syrups  are  boiled  ioto  what  ifi 
called  bastard  sugar ^  from  which  the  mokuises  rans  with  verj  little  mix- 
ture of  the  eolid  sugar.    This  is  called  irtacU^  and  is  totally  incapable ^'**^''* 
of  farther  crystallization. 

The  produce  of  1  cwt.  of  raw  sugar  worked  in  this  manner  is,  upon* 
an  average, 

63  lbs  refined 

18  —  bastard 

27 — molasses 
4  —  lost  weight*  dirt,  ij-c. 

112 

The  process  above  described  may  almost  be  considered  as  mechani- 
cal. The  only  truly  chemical  parts  of  it  are  the  clearing  with  blood, 
and  the  use  of  lime-water,  which,  leaving  the  solid  sugar  untouched, 
combines  with  the  molasses,  and  rendering  it  in  some  measure  sapona- 
ceous, fiicilitates  its  solution  during  the  percolation  of  the  water. 

Attempts  have  lately  been  made  to  whiten  the  sugar  during  its  boil- 
ing, by  the  addition  of  charcoal.    This  destroys  some  of  the  colouring  chucomi. 
matter  of  the  molasses,  and  tends  materially  to  whiten  the  sugar,  es- 
pecially if  the  charcoid  employed  be  pai^y  ^  animal  origin. 

Another  attempt  has  been  mad^  to  improve  the  process  of  claying, 
by  the  substitution  of  a  strong  solution  of  very  white  sugar  for  the 
chy.  The  idea  was,  tha^  the  water  havii^  a  stronger  affinity  for  thesatnntod  17- 
moliMues  than  for  th<s  solid  sugar,  would,  in  its  passage  through  thefn^* 
loaves,  wash  away  the  former,  and  leave  the  latter  in  its  place,  and 
that  more  wei|^t  and  a  closer  grain  would  thus  be  obtained.  The  idea 
was  ingeuoiK,  bnt  the  advantages  scarcely  counterbalanced  the  addi- 
tional ei^pepse  of  preparii^  the  sol^tioo  pf  fine  s^igar  in  the  first  in- 
stance. 

1 566.  Sugar  may  be  obtained  from  the  sap  of  many  other  plants,  ^t  2|V»^  0- 
exists  in  large  quantity  in  the  sugar  maple  {aetr  $a€ekarinum)y  and  in  '^^^' 
the  root  of  Uie  comspoa  beet  ^Uta  rmigarii).  1q  many  ripe  fruits  su- 
ffkv  is  a  predominating  ingredient ;  and  in  dried  grapes,  figs^  4«c.,  it  isi 
often  seen  as  a  soperScial  iacmstalion.  Though  these  kinds  of  sugar 
differ  a  little  from  each  other,  they  can  scarcely  be  regarded  as  Sa- 
tinet species.  ^^.^, 

1566.  Hofisy  is  also  a  variety-  of  sugar  containing  a  crystallizable  andHoMf. 
an  nhcrystalliKable  portion,  the  pred^ninance  of  one  or  other  of  which 
give  to  it  its  peculiar  character ;  they  may  be  partially  separated  by 
mixing  the  honey  with  alcohol,  and  pressing  it  in  a  linen  bag ;  the  liquid 
00^  being  the  most  soluble,  passes  through,  leaving  a  granular  mass, 
wlueh  forms  crystals  when  its  solatipn  in  ooilin^  alcohol  is  set  aside. 
Hoaey  ako  frequently  contains  wax,  and  a  little  acid  matter. 

1567.  Sugar  is  e  white  brittle  substance  of  a  pure  sweet  taste,  so 


Ittble  in  its  own  weight  of  water  at  60«.  Boiling  water  dissolves  a  con-  1 

alterably  larger  quantity.    This  solution  is  called  syrttp ;  it  is  viscid, 
and  fbvnishes  crystals  in  the  form  of  lour  $ud  six-sided  prisms,  irregu- 


larly terminated.    Sugar  is  soluble  in  akohol,  but  mvch  more  sparing 
ly  so  than  in  water. 

1558.  Nitric  and  sulphuric  acids  decompose  sugar ;  the  former  con 
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verts  it  into  oialic  acid ;  the  latter  evolves  charcoal  .and  produce; 
water  and  acetous  acid.  * 
Aetioa  of  ii-     1669.  The  alcalis  dissolve  sugar,  and  destroy  its  sweet  taste,  whicb 
*"  re-appears  if  an  acid  be  added.    When,  however,  the  alcalia  are  leii 

for  a  long  time  in  the  contact  of  sugar  the j  effect  a  more  importiot 
change,  looming  carbonated  and  converting  tiie  sugar  into  gom.    From 
a  solution  of  sugar  in  lime-water,  Mr.  Daniell,  who  has  obli^ngly  br- 
nished  me  with  the  principal  materials  of  this  section,  obtained  cxra- 
tals  of  carbonate  of  lime  and  a  portion  of  gum.     The  addition  of  phos- 
phuret  of  lime  to  syrup  produces  an  andogous  change. — Journal (^ 
Scieiue  and  the  ArU,  Vol.  vi.  p.  32. 
^hSIf^      1560.  When  protoxide  of  lead  is  digested  with  sugar  and  wafer,  b 
portion  is  dissolved  and  afterwards  separates  in  the  form  of  a  white  k- 
sipid  powder  {taeckaraU  of  Uad^)  insoluble  in  water  and  composed, 
accordiqg  to  Berzelius,  of 

Sugar 41.74 

Oxide  of  lead  ....    58.26 

100.00 

A2J«*'«^  1561.  When  sugar  is  exposed  to  heat  it  fuses,  becomes  brown, 
evolves  a  little  water,  and  is  resolved  into  new  arrangemeatio/iti 
component  elements.  If  sudde&ly  elevated  to  a  temperature  of  alxHit 
500*,  it  bursts  into  flame. 

1662.  The  relative  proportions  of  elements  in  gum  and  sqar  ap- 
pear from  the  experiments  of  Gay-Lussac  (pi>ge  17,)  to  be  iieSy  & 
same.  The  analyses  of  these  two  substances  by  Beizelios  affordei 
slight  differences  only ;  according  to  him  they  contain 


.  41.906) 

Gum. 

.  44.200 

^ygen   .  . 

.  5J.S06J 

=s  100. 

.  49.015 

Hydrogen  . 

.     6.788) 

• 

.     6.785 

I- 


100 


The  equivalent  of  sugar,  deduced  from  the  analysis  of  the  conpoimd 
with  oxide  of  lead,  provided  we  regard  that  compound  as  coataining  1 
propot^nal  of  each  of  its  components,  is  S0.2  a  number  not  perfectly 
reconcileable  with  the  ultimate  of  analysis  of  Beraehua,  who  reear^ 
sugar  as  composed  of  ^^ 

6  Proportionah  of  carbon.  .  6X6  s  36.  .44.  4 

f oxygen      8X5  s=  40.  .49.38 

• hydrogen  1X5=    5.      6117 

81.     99.95 

1 663.  Muma  is  an^exudation  from  the  Fraxinus  Omtu,  a  spedet  of 
ash,  growmg  m  Sicily  and  Calabria.  It  has  a  sweet  and  somewhat 
nauMous  taste,  and  is  used  in  medicine  as  a  mUd  aperient  It  \»  reir 
soluble  in  water,  and  more  soluble  in  alcohol  than  cane  sucar ;  the  kt- 
ler  action  d^oaite  it  in  the  fona  of  a  white  spongy  maST  Ditested 
in  mtnc  acid,  it  yields  both  oxalic  and  saclactic  acids.  Its  solatios  id 
water  does  not  appear  susceptible  of  vinous  fermenUtion. 
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Section  V.    Starch* 
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1564.  Starch,  or  Fecula^  maybe  separated  from  a  variety  of  vege- 
table substances  ;  it  is  conteined  in  the  esculent  grains,  and  in  many 
roots.  The  process  for  obtaining  it  consists  in  diffusing  the  powdered 
grain  or  the  rasped  root  in  cold  water,  which  becomes  white  and  tur-  - 
bid ;  the  grosser  parts  may  l)e  separated  by  a  strainer  and  the  liquor 
which  passes  deposits  the  starch,  which  is  to  be  washed  in  cold  water 
and  dried  in  a  gentle  heat. 

1665.  The  common  process  for  obtaining  the  starch  of  wheat  con- J5J?J"/JJJ^ 
sists  in  steeping  the  grain  in  water  till  it  becomes  soft ;  it  is  then  put 
into  coarse  linen  bags,  whicli  are  pressed  in  vats  of  water :  a  milky 
juice  esudes,  and  the  starch  falls  to  the  bottom  of  the  vat.  The  super- 
natant liquor  undeigoes  a  slight  fermentation,  and  a  portion  of  alcohol 
and  a  litUe  vinegar  is  formed,  which  dissolves  some  impurities  in  the 
deposited  starch ;  it  is  then  collected,  washed,  and  dried  in  a  moderate 
heat,  during  which  it  splits  into  the  columnar  fragments  which  we  meet 
with  in  commerce,  and  which  are  generally  rendered  slightly  blue  by  a 
little  smalt. 

1566.  Pure  starch  is  a  white  substance,  insoluble  in  cold  water,  but  Prap«rtiM  of 
readily  soluble  at  a  temperature  between  160*  and  180*.    Its  solution* 
is  gelatinous,  becomes  mouldy  and  sour  by  exposure  to  air,  and  by  care- 
ful evaporation  yields  a  substance  resembling  gum  in  app^surance^^^j^j^.^^ 
which  is  a  compound  of  starch  and  water.     Starch  is  insoluble  in  alco-eohoLSK. 
hoi  and  in  ether,  and  occasions  no  precipitate  in  the  greater  number  of 
metallic  solutions ;  in  solution  of  subacetate  of  lead,  however,  it  occa-p^^^^i^, 
fiions  a  copious  precipitate.    The  most  characteristic  property  of  starch  nid«  of  leaa. 
is  that  of  forming  a  blue  compound  with  iodine  ;  it  may  be  obtained  by  FonM  a  um 
adding  hu  aquoous  solution  of  iodine  to  a  dilute  solution  of  starch.         ^>   >     «• 

Sulphuric  and  nitric  ^{^  dissolve  starch,  and  slowly  decompose  it, 
or  resolve  it  into  new  compouuJU      Dilute  nitric  acid  £ssolves  it  with- 
out decomposition,  forming  a  greenlsw  solution,  which  deposits  starch 
upon  the  addition  of  alcohol.    It  is  slowly  voluble  in  muriatic  acid,  andsoiabu  ta 
insoluble  in  acetic  acid.  "''*•• 

Potassa,  triturated  with  starch,  forms  a  compoutkd  which  is  soluble  Umt«  to  p*. 
in  water.  ^■•"^ 

Infusion  of  galls  occasions  a  precipitate  in  the  solutions  of  starch,  Precipttatei 
which  re-dissolves  by  heating  the  liquid  to  120*.    This  property  Dr.^^ 
Thomson  considers  as  characteristic  of  starch. 

1567.  By  digesting  subnitrate  of  lead  in  a  boiling  solution  of  starch, 
Berzelius  obtained  an  insoluble  compound,  which  he  has  termed  amy- 
late  of  Uady  consisting  of 

72  starch. 

28  oxide  of  lead. 

100 

1568.  It  appears  by  a  reference  to  the  ultimate  elements  of  starch 
and  sugar,  that  they  differ  httle  in  composition,  and  it  is  therefore  not 
surprising  that  the  former  is  easily  convertible  into  the  latter. 

1 569.  The  change  of  starch  into  sugar  is  always  observed  during  the 
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o«fniMtieB.  gemuiatioD  of  seeds  (1534),  and  in  the  process  of  maUing  a  um^aif 

conversion  is  effected. 
M aitiBf.  Malt  is  bariej  which  has  been  made  to  germinate  to  a  certain  extent, 

after  which  the  process  is  stopped  by  heat.  The  barley  is  steeped  in 
cold  water,  and  is  then  made  into  a  heap,  or  coiceft,  upon  tihe  maMoor: 
here  it  absorbs  nsjrg^i  and  evolves  carbonic  acid  ;  its  temperatorenog. 
•  mentSt  and  then  it  is  occasionally  turned,  to  prevent  its  becomiiig  too 
warm,  in  this  process  the  radicle  lengthens,  and  the  plmne,  called  by 
the  msltsters  the  ocroipire,  elongates  ;  and  when  it  has  nearly  resdi* 
ed  the  opposite  extremity  of  the  seed,  its  further  growth  is  arrested 
by  drying  at  a  temperature  slpwly  elevated  to  150^  or  more.  Tbe 
malt  is  then  cleansed  of  the  rootlets. 

According  to  Dr.  Thomson,  barley  loses  about  8  per  emU,  by  com- 
verting  it  into  mah,  of  which 

1.6  is  carried  off  by  the  8teep>water 
3.0  &sipated  in  the  floor 
3.0  roots  separated  by  cleansing 
0.5  waste 

8.0 

1570.  The  following  comparative  analysis  of  qnmalted  and  malted 
barley  shows  the  change  which  has  taken  place  in  the  operstioa. 

Gum 5 14 

Sugar 4 16 

Gluten 3 1 

Starch 88    69 

100  barley.  100  malt. 

M^di^to  t^  1  ^"^  1  •  Another  mode  of  converting  starch  into  sugeor  was  discovered 
irwbjT  niph^by  M.  Kirchoff;  it  consists  in  boiling  it  with  very  dtlnte  sulphuric  acid. 
rie  acid.  ^  pound  of  staTch  may  be  digested  in  six  f>r  eight  pints  of  distilled  wa- 
ter, rendered  slightly  acid  by  two^f  ^i^e  drachms  of  sulphuric  sci<). 
The  mixture  should  be  simm^^'^d  for  a  few  days,  fresh  portieos  of  wa- 
ter being  occasionaSy  ad^ed  lo  compensate  fbr  the  loss  by  evaporatioa. 
After  thu  process  tb«  acid  is  saturated  by  a  proper  proportion  of  chalk, 
and  the  mixture  filtered  and  evaporated  to  the  consistence  of  ^ynip; 
its  taste  is  sw^et,  and,  by  purification  in  the  usual  way,  it  affonh  crys- 
tallized sugar.  MM.  de  la  Rive  and  Saussure  have  shown  tbnt  the  con- 
tact ef  air  is  unnecessary  in  the  above  process  ;  that  ne  part  of  the 
acid  is  decomposed,  no  gas  evolved,  and  that  the  sugar  obtained  exceedi 
by  about  one-tenth,  the  original  weight  of  the  starch.  H.  de  Sansson, 
therefore,  concludes  that  Uie  conversion  of  starch  ioto  sugar  depends 
upon  the  solidification  of  water,  a  conclusion  strengthened  by  the  fol- 
lowing comparative  analysis-^^^TBOMSoir's  j9nna/f,  Vol.  ii. 

SOOPwtoofSUMh  ISO  Pwti  ofStueh 

cofltain  Bagmt  eeatek 

Carbon 45.39 37.29 

Oxygen 48.31 55.87 

Hydrogen  ....     6.90 6.84 

Nitrggeu 0.40 ,     0.00 

300.00  100.00 


GLUTEN.  471 

15t2.  Tliig  analyBift  of  starch  is  somewhat  at  rariance  with  that 
given  by  Gay-Lussac ;  indeed  the  small  portion  of  nitrogen  cannot  be 
considered  as  an  essential  component.  Berzelius  has  given  the  follow- 
lowing  as  the  component  parts  of  stttrch.— Tromsor's  Annal$^  Vol.  v. 

Carbon <  .  43.481 

Oiygen 48.465 

Hydrogen 7.064 

100.000 

If  we  regard  the  amylate  of  lead  as  consisting  of  2  proportionals  of 
starch,  and  1  of  oxide  of  lead,  the  number  144.  will  T>e  the  equivalent 
of  starch,  the  constituents  of  which  m^  l^e  thus  expressed :  i 

10  Proportionals  of  carbon  . .  8  X  10  =  60 .  .  42.2 
9  .-...--  -    okygen      8  X    9  =  72 .  .  50.7 
10 hydrogen   1  X  10  =  10.0.     7. 

142.   99.9 

These  numbers  closely  approximate  to  the  results  of  Gay-Lussac  and 
Thenard^s  analysis. 

1573.  When  starch  is  exposed  to  a  teiftperature  between  600^  and 
700^  it  swells,  and  exhales  a  peculiar  smell ;  it  becomes  of  a  brown  co- 
lour, and  in  that  state  is  employed  by  caHco-printers  under  the  name 

of  BritUh  gum.    It  is  soluble  in  cold  water,  and  does  not  form  a  blue^^^'^P'*' 
compound  with  iodine.     Vauquelin  found  it  to  differ  from  gum  in 
afforaing  oxalic  instead  of  mucous  acid,  when  treated  with  nitric  acid. 

1574.  Proust  has  described  a  principle  in  barley,  to  which  he  has 
^ven  the  name  of  -Uotdein;  it  appears,  however,  to  be  a  variety  ofHordvn. 
starch,  and  can  scarcely  be  admitted  as  a  distinct  vegetable  principle. 

— .An«iaie*  At  Chimin  tt  Phys.  Tom.  v. 

1 575^  The  following  are  the  principal  varieties  of  starch : 

i.  Arrow-  root,  the  fecula  of  the  Marantha  ArundinacuL, 

ii.  P&tato^  Starch,  obtained  by  reducing  potatoe  to  a  pulp,  and  wash- Vuietiei. 
ing  it  with  cohl  water  upon  a  sieve ;  the  fecula  is  deposited  in  the  ferm 
of  •  fine  white  powder,  heavier  than  common  starch,  but  possessed  of 
its  essential  characters. 

tii.  Sago,  extracted  from  the  pith  of  several  species  of  palm,  growing 
in  the  East  India  islands. 

iv.  Tapioea  and  GuMva,  prepared  from  an  American  plant,  the 
lairopha  Man^hat. 

V.  Salop^  obtained  from  the  roots  of  several  species  of  Orchis. 


Section  VI.    Gluten. 

1576.  Glutew  may  be  obtained  from  wheat-floor,  by  forming  it  into 
a  paste  and  washing  it  under  a  small  stream  of  water.     The  starch  is  Eitwciioa. 
thus  washed  away,  and  a  tough  elastic  substance  remains,  which  is 
gluten. 
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Its  colour  ie  grey,  and,  when  dried,  it  becomes  brown  and  brittle,  h 
PropertiM.  1^  nearly  insoluble  in  water  and  in  ether.  When  allowed  to  putre^ 
it  exhales  an  offensive  odour,  and  when  submitted  to  destmctiTe  dis- 
tillation it  furnishes  ammonia,  a  circumstance  in  which  it  resemblei  ani- 
mal products.  Most  of  the  acids  and  the  alcalis  dissolve  it. 
P«r^M»iiibie  1577.  Acted  upon  by  alcohol,  a  portion  of  gluten  is  dissolved,  aad 
the  solution,  after  having  remained  to  deposit  a  little  extraneous  matter, 
affords,  on  evaporation,  a  peculiar  substance  of  a  yellowish  colour, 
brittle,  and  havhig  a  balsamic  taste.  The  undissolved  portion  of  the 
gluten  forms  soapy  compounds  with  the  alcalis,  and  instead  of  fermefit- 
ing  like  the  original  gluten,  exhales  the  odour  of  putrid  urine.  Hence 
it  appears  that,  by  the  action  of  alcohol,  gluten  is  separated  into  two 

Srinciples,  the  one  soluble  and  the  other  insoluble  in  that  menstraom. 
[.  Taddei,  the  author  of  these  researches,  cM  the  former  Gliadke, 
«nd  the  latter  Zimoma. — GiomaU  di  fWca,  ii.  p.  360. 

1 578..  Gluten  is  an  essential  ingredient  in  wheat-flour»  and  contnlmtes 
much  to  its  nutritive  quality ;  and  gives  considerable  tenacity  to  rlx 
paste. 

1579.  A  substance,  much  resembling  gluten,  has  been  found  in  the 
juices  of  certain  v^etables,  especially  in  those  which  are  milky  uA 
coagulable  by  acids.  It  is  contained  in  the  sap  of  the  houseleek,  of 
the  cabbage,  and  of  most  of  the  cruciform  plants.    Submitted  to  de- 

Vegetobit  ai-structive  distiUatiou,  it  affords  ammonia,  and  is  in  other  respects  nmihr 
bumo.         ip  ^^  animal  principle,  called  albumen ;  hence  it  has  been  tensed 
vegetable  albumen. 

1580.  Caoutchouc  and  Bird-ltme  may  also  be  considered  as  allied  to 
Bif4-iw«.     gluten.     These  substances,  are  insoluble  in  water  and  in  alcoboU  bat 

they  are  soluble,  in  pure  sulphuric  ether.  Caoutchouc  is  bigUy  in* 
flammable,  burning  with  a  bright  flame  which  throws  off  much  char- 
coal. When  heated  it  softens,  and  is  in  that  state  soluble  in  some  of 
the  fixed  oils.  It  is  said  to  dissolve  easily  in  oil  of  cajeput  These 
solutions  are  sometimes  used  as  varnishes,  but  with  the  exception  of 
that  in  ether,  they  remain  clammy. 

1581.  The  principles  which  have  now  been  adverted  to,9if.,si]gsr, 
starch,  gum  or  mucilage,  and  gluten,  constitute  the  principsl  nvtiitiTe 
ingredients  in  most  of  the  esculent  vegetables.  Wheat  pownia  this 
counby  contains  from  18  to  24  per  eeni,  of  gluten,  the  remainier  being 
principally  starch.  The  wheat  of  the  south  of  Europe  genendj  coo- 
tains  a  laiger  quantity  of  ^uten,  and  is  therefore  more  excdlent  for 
the  manufacture  of  macaroni,  vermicelli,  and  other  prepanlioDS  re- 
quiring a  Mutinous  paste.  The  excess  of  ^uten  in  wheat-flour  com- 
pared with  other  grain,  renders  it  peculiariy  fit  for  making  bread;  fer 
the  carbonic  acid,  extricated  during  the  fermentation  of  the  paste,  is 
retained  in  consequence  of  its  adhesiveness,  and  forms  a  spongj  ^sA 
light  loaf 

A  hundred  parte  of  barley  contain  upon  an  average  80  parts  of  starch, 
6  of  gluten,  and  7  of  sugar,  the  remaining  7  parts  being  husk. 

From  100  parts  of  rye  Sir  Humphry  Davy  obtained  61  ports  of  starch 
and  5  of  ([^uten. 

From  100  parts  of  oats  he  procured  59  of  starch,  6  of  ^uten,  sod  2 
of  sugar. 

100  parts  of  pease  afforded  about  50  of  starch,  3  of  sugar,  4  of  glu- 
ten, and  a  small  portion  of  extractive  matter. 
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100  parts  of  potatoe  yield,  upon  an  average,  20  parts  of  starch ;  they 
may  be  considered  in  general  as  containing  from  one-fourth  to  one-fifth 
of  their  weight  of  nutritive  matter. 

The  turnip,  carrot,  and  parsnip,  chiefly  contain  sugar  and  mucilage  : 
1000  parts  of  common  turnips  give  about  34  of  sugar,  and  7  of  muci- 
lage ;  1000  parta  of  carrots  furnish  about  95  of  sugar,  and  3  of  muci- 
lage ;  and  the  same  quantity  of  parsnips  afford  90  of  sugar  and  9  of 
mucilage.  The  loss  of  weight  in  the  above  cases  is  referable  to  water, 
and  inert  vegetable  matter  possessed  of  the  properties  of  woody  fibre. 
(See  the  Table  at  the  pid  of  Section  xviii. 


Section  VII.     Extractive  Matter  and  Lignin. 

1 582.  By  the  term  extract  y  or  extractive  principU^yrit  meap  a  substance 
contained  in  the  greater  number  of  vegetables,  and  generally  forming 
the  principal  ingredient  in  the  pharmaceutical  preparations  called  ex- 
tracts.    It  possesses  the  following  properties.     It  is  soluble  in  water,  VrofertiM. 
and  the  solution  is  of  a  brown  colour.     It  is  insoluble  in  ether,  but  it 

is  soluble  in  alcohol  containing  a  small  portion  of  water.  By  repeated 
solutions  and  evaporations  it  may  be  rendered  scarcely  soluble  in  wa- 
ter. Solutions  of  chlorine,  of  many  of  the  acids,  and  of  most  pf  the 
metallic  oxides,  occasion  precipitates  in  the  aqueous  solution  of  ex- 
tractive. 

1583.  The  following  substances  may  be  considered  under  this  head, 
though  many  of  them  are  obviously  widely  different  from  extractive 
matter. 

1584.  Ulmin.  This  substance  was  first  noticed  by  Klaproth,  spon- 
taneously exuding  from  the  elm.  From  the  observations  of  Berzelius, 
it  exists  in  the  bark  of  nttmy  other  trees,  and  may  be  obtained  by  di- 
gestion in  alcohol  and  cold  water ;  the  action  of  hot  water  afterwards 
dissolves  the  ulmin.— Thomson's  Annalsj  Vol.  ii. 

Ulmin  is  of  a  dark  brown  colour,  with  scarcely  any  taste  or  smell. 
It  is  sparingly  soluble  in  water  and  in  alcohol,  but  readily  soluble  in  a 
weak  solution  of  carbonate  of  potassa.  Very  few  of  the  metallic  salts 
occasion  a  precipitate  in  its  solution.  The  exudation  from  the  elm  is 
generaUy  combined  with  carbonate  of  potassa,  and  is  therefore  readi)y 
soluble  in  water. 

1585.  Polychroiie.  This  term  has  been  applied  to  the  extract  of  saf- 
fron {Annales  de  Chim.  Tom.  lxxx.)*It  is  of  a  deep  yellow  colour,  deli- 
quescent, readily  soluble  in  water  and  in  alcohol,  but  insoluble  in  pure 
sulphuric  ether.  Exposure  to  the  solar  rays  soon  destroys  the  colour 
of  its  aqueous  solution.  Sulphuric  acid  renders  it  blue,  and  nitnc  acid 
green :  solutions  of  lime  and  baryta  produce  yellow  and  red  precipi- 
tates ;  subacetate  of  lead  throws  down  a  deep  yellow  precipitate,  and 
nitrate  of  mercury  separates  a  red  powder.  •    j  u 

1586.  HemaHn.  This  peculiar  substance  was  first  recognised  by 
Cbevreul  in  the  colouring  matter  of  log-wood  {Ann.  de  Chtm.  lorn. 
Ixxxi.)  It  may  be  obtained  by  digestii^g  logwood  in  water  of  the  tem- 
perature of  125<>.    Filter,  evaporate  carefoUy  to  dryness,  sv>^  digest 

3  R 
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the  residue  for  24  houn  in  alcohol  of  the  specific  gravity  of  .6^7. 
Filter  the  alcohol ;  concentrate  the  solution  by  evaporation,  add  a  por- 
tion of  water,  evaporate  a  little  farther,  and  set  the  solution  Bake : 
crystals  are  deposited  which,  when  washed  with  alcohol  and  dried,  are 
pure  hematin. 

Hematin  is  of  a  reddish  colour ;  its  taste  is  somewhat  bitter,  and  its 
aqueous  solution  is  yellow  when  cold,  but  orange-red  at  the  tempera- 
ture of  boiling-water.  Sulphuric  acid  added  to  this  solution  renden  it 
reddish  yellow.     The  alcalis  give  it  a  purplish  tint. 

1 587.  BlUer  principle.  By  evaporating  an  infusion  of  quassia,  a  sob- 
stance  is  obtained  of  ui  mtensely  bitter  taste,  and  of  a  browmsh  jd- 

-low  colour,  which  is  Jiadily  soluble  in  water  and  in  alcohol.  Nitrate 
of  silver,  and  acetate  of  lead,  are  the  only  precipitants  of  its  aqueoos 
solution.  It  is  probable  that  the  same  substance  exists  in  other  bitter 
vegetables,  and  Vauquelin  has  discovered  it  in  the  fruit  of  the  colocy^, 
and  in  the  root  of  white  hriony. — Thomson's  Suitem,  Vol.  iv. 

1588.  By  digesting  indigo,  silk,  and  a  few  other  substances  io  mtric 
acid,  an  intensely-bitter  matter  is  formed,  called  by  Welther  the  neUw 
hitter  principle  (Annalee  de  Chim.  Tom.  xxix.)  Chevreul  has  render- 
ed it  probable  that  this  is  a  compound  of  a  peculiar  vegetable  princi- 
ple with  nitric  acid.  It  is  crystallizable,  bums  like  gunpowder  aad 
detonates  when  struck  with  a  hammer. 

1589.  Picrotoxin.  This  is  a  bitter  poisonous  substance  contaiiied  io 
the  Cocculw  Indicu$,  It  may  be  obtained  by  the  following  process:-- 
Add  acetate  of  lead  to  a  decoction  of  the  berries,  as  long  as  aaj  preci* 
pitate  fidls  :  filter,  evaporate,  and  digest  the  extract  in  l^hly-rectified 
alcohol ;  evaporate  to  dryness,  and  agitate  the  remainii^  matter  with  a 
little  water ;  the  picrotoxin  remains  in  the  form  of  white  prismab'cciys- 
tals  of  a  bitter  taste. 

1690.  Picrotoxin  is  difficultly  soluble  in  watei».  Alcohol  of  the  spe- 
cific gravity  of  810,  dissolves  one-third  its  we^t  It  is  soluble  in 
weak  solutions  of  the  pure  alcahs.  It  conibines  with  the  adds,  s&d 
forms  compounds,  some  of  which  are  crystallizable,butthej  require 
fiirther  examination  before  we  can  venture  to  give  this  scdistsDce  a 
place  among  ^the  narcotic  salifiable  bases. — Boullat,  Jounud  di 
Pharmacie,  v. 

1591.  Mcotin.  This  is  a  principle  existing  in  tobacco.  Itwasob- 
^  tained  by  Vauqelin  by  the  following  process  (Mn  de  CMm.  InL) : 
Evaporate  the  expressed  juice  to  one-fourth  its  bulk  ;  and,  wbea  cold, 
strain  it  through  fine  linen ;  evaporate  nearly  to  dryness ;  dig^  the  re- 
sidue in  alcohol ;  filter  and  evaporate  to  dryness ;  dissolve  this  agaio 
in  dcohol,  and  again  reduce  it  to  a  dry  state.  Dissolve  ^e  residue  in 
water,  and  saturate  the  acid  which  it  contains  with  weak  aolatioa  of  po- 
tassa,  introduce  the  whole  into  a  retort,  and  distil  to  dryness ;  re-dis- 
solve, and  again  distil  three  or  four  times  successively.  The  nicotio 
will  thus  pass  into  the  receiver,  dissolved  in  water,  from  which  s(datioB 
it  may  be  obtained  by  very  gradual  evaporation. 

Nicotm  is  colourless,  acrid,  soluble  in  water  and  in  dkohol,  voktik, 
smd  highly  poisonous. 
«  1 592.  Aaparagin. — ^MM.  Vauquehn  and  Robiquet  obtained  this  sub- 

stance in  a  crystalline  form  by  evaporating  &e  juice  of  aspan^*  ^^ 
has  a  cool  and  shghtly  nauseous  taste,  and  when  burned  emits  acrid  ra* 
pours,  and  leaves  no  traces  of  alcali.— gJnwrfcff  dc  aiim^,  Tom.  it. 
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1593.  Fungin.  This  name  has  been  giyen  by  Sraconnotto  a  8ab« 
stance  contained  in  the  fleshy  part  of  mushrooms  (Ann,  d*  Chim.  Ixxix.) 

It  is  insoluble  in  water  and  in  alcohol,  and  scarcely  acted  upon  by  the 
alcalis,  or  by  dilute  acids.  It  is  the  substance  which  remains  aAer  the 
mushroom  lias  been  deprived  of  every  thing  soluble  in  alcohol  and  in 
water. 

1594.  Inulin,  The  roots  of  elecampane,  when  boiled  in  water,  fur* 
nish  a  decoction,  which,  on  cooling,  deposits  a  white  powder,  in  many 
respects  resembling  starch.  It,  however,  differs  in  several  proper- 
ties from  that  principle,  and  has  hence  been  considered  a  peculiar  ve- 
getable substance. — Thohson's  System^  Vol.  iv. 

1595.  Emetin.  To  obtain  emetin,  digest  powdered  ipecacuanha  in 
alcohol,  filter,  evaporate  carefully  to  dryness,  and  re-dissolve  in  cold 
water.  To  this  solution  add  carbonate  of  baryta,  filter,  aqd  again  eva- 
porate to  drjmess ;  digest  this  residuum  in  alcohol,  and  a  solution  is  ob- 
tained, which  by  careful  evaporation,  affords  a  reddish-brown  substance, 
soluble  in  alcohol  and  in  water,  and  precipitable  by  sub-acetate  of  lead  ; 
its  taste  is  acrid  and  bitter^  and  it  is  highly  emetic. — ^MM.  Maqerdie 
and  Peixetisr,  Anncdt$  de  Chimie  et  Physique^  Vol.  iv. 

1596.  Woody  fibre.  The  term  lignin  has  been  applied  to  the  fibrous 
sabstance  which  remains,  after  digesting  wood  in  water  and  in  alcohoL 
It  is  insipid,  and  exposed  to  destructive  distillation,  affords  a  considera- 
ble quantity  of  vinegar  tainted  l&y  empyreumatic  oil,  and  containio|;  a 
little  ammonia.  The  charcoal  which  remains  is  light,  brittle,  shining, 
and  easily  incinerated.  The  relative  quanti^,  yielded  by  different 
woods,  has  already  been  adverted  to  (386.) 

1597.  We  are  indebted  to  M.  Braconnot  for  some  highly  interesting 
experiments,  relating  to  the  action  of  sulphuric  acid  on  wood  (Ann.  de 
Ckim.  et  Phy$.  xii.  172.)  In  the  course  of  these  researches,  be  tritu- 
rated 25  parts  of  hempen  cloth  with  34  of  the  acid  ;  it  acquired  the 
consistency  of  mucilage,  which,  afler  24  hours,  was  almost  entirely 
soluble  in  water.  The  diluted  liquor  was  saturated  with  chalk,  fil- 
tered,  ,and  evaporated  to  the  consistency  of  syrup  ;  it  deposited  sul- 
phate of  lime,  and  was  then  further  evaporated  to  dryness,  when  a 
substance,  havixig  the  characters  of  gum,  was  obtained.  In  another  ex- 
periment, 24  parts  of  lignin  were  reduced  to  gum  by  34  of  sulphuric 
acid  ;  this  acid  mixture,  diluted  with  water,  and  boiled  for  10  hours, 
became  sweet ;  the  acid  was  then  separated  by  chalk,  and  the  liquor, 
on  due  evaporation,  afforded  a  crystallizable  sugar. 

Moistened  saw-dust,  heated  in  a  platinum  crucible  with  its  weight  of 
caustic  potassa,  afforded  a  matter  soluble  in  water,  and  which,  upon  the 
addition  of  an  acid  to  neutralize  the  alcali,  yielded  a  substance  haying 
the  properties  of  tt/mtn. 

1598.  Suber  or  Cork.  This  is*a  light,  soft,  elastic,  and  combustible 
substance,  burning  with  a  bright  flame  and  leaving  a  bulky  charcoal. 
Its  principal  peculiarity  is,  that  by  digestion  in  nitric  acid,  it  is  con- 
verted into  an  orange-coloured  mass,  which  furnishes  to  water  a  pecu- 
liar acid  matter,  which  has  been  termed  suberic  add,  Chevreul  has 
foand  in  it  resin,  oil,  and  a  peculiar  matter  which  he  calls  Genu.— -See 
Wax  (1622.) 

1 699.  Cotton  is  a  downy  substanc^e  found  in  the  seed-pods  of  the 
different  species  of  go$aypium.  It  is  insoluble  in  water  and  ip  dilute 
alcaline  and  acid  solutions.    It  combines  with  several  of  the  metallic 
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oxideSy  which  are  therefore  used  as  intermedes,  or  tnordanU^  in  the 
art  of  dyeing.  Acetate  of  alumina  is  principally  employed  for  thi^ 
purpose. 

1600.  Medullin  is  a  term  given  by  Dr.  John  to  the  pith  of  the  sua- 
flower  and  some  other  plants ;  it  is  insipid,  inodorous,  insoluble  in  water 
and  alcohol,  and  affords  oxalic  acid  when  treated  by  nitric  acid  ;  sob- 
knitted  to  deatructiye  distillation,  the  products  abound  in  ammonia. 


Sectioh  VIIL     Tannin. 

1601.  Tahnin,  or  the  astringent  principle,  is  contained  in  many  re- 
XttrastiM.    getables.     It  may  be  procured  by  digesting  bruised  gall-nuts,  grape- 
seeds,  oak-bark,  or  catechu,  in  a  small  quantity  of  cold  water.     The 
solution  affords,  when  evaporated,  a  substance  of  a  brownish-yeJIow 
colour,  extremely  astringent,  and  soluble  in  water  and  in  alcohol. 

The  purest  form  of  tannin  appears  to  be  that  derived  from  bruised 
grape-seeds,  but  even  here  it  is  combined  with  other  substances,  ir%m 
which  it  is  perhaps  scarcely  separable,  and  among  the  numerous  pro- 
cesses which  have  been  devised  for  procuring  pure  tannin,  there  b 
none  that  answers  the  intended  purpose.  I  have  never  been  able  to 
obtain  it  of  greater  apparent  purity  than  by  digesting  powdered  catechu 
in  water  at  33^  or  34^,  filtering  and  boiling  the  solution,  which,  on 
cooling,  becomes  slightly  turbid,  and  is  to  be  filtered  ^ain,  and  eva- 
porated to  dryness ;  cold  water,  applied  as  before,  extracts  nearly 
pure  tannin. 
Frapertka.  1602.  The  most  distinctive  character  of  taniun  is  that  of  affording 
an  insoluble  precipitate  when  added  to  a  solution  of  isii^ass,  or  any 
other  animal  jelly.  Upon  this  property  the  art  of  tanning  depends, 
for  which  oak-bark  is  generally  employed ;  the  barks,  Iwwever,  of 
many  other  trees  may  occasionally  be  substituted.  The  folfowing 
Table,  drawn  up  by  Sir  Humph^  Davy,  exhibits  the  average  quantity 
of  tan  contained  in  480  lbs.  of  different  barks: — Agricultural  C%€mttry, 
4to.  p.  79. 

Ihs. 

Avenge  of  entire  baik  of  middle-siied  Oek,  art  h  spring S9 

— — — — of  Spanish  Chestnut 21 

— — ^^— — —  of  Ixiiceiter  Willow,  larEe  size 33 

of  Elm 13 

of  Common  Wakiw,  luge 11 

of  Aah 16 

• of  Beech 10 

•^— — — — ^  of  Hone  Chettaut 9 

'  of  Sycamore 11 

— ^ of  Lomhardy  Poplar 15 

of  Birch a 

of  Haiel    . 14 

of  Black  Thorn 16 

• of  Coppice  Oak ^ -  .  .  .    3t 

-— of  Oak  cnt  in  autumn 21 

■'      of  Larch  cut  in  autumn 8 

White  interior  cortica]  layen  of  Oak-bark 72 

u»|«»^th         1603.  Tan  forms  a  precipitate  with  solution  of  starch,  with  gluten 
**  to^  albumen,  and  with  m^y  of  the  metallic  oxides.    An  account  of  the 
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precipitates  formed  in  metallic  solutions  by  infusion  of  galls,  will  be  Hetaiuc  ox- 
found  under  the  article  Gallic  Acid  (1785)  but  these  precipitates  are*^^ 
very  complex,  and  vary  in  composition. 

1604.  If  the  solution  of  tan,  obtained  as  above-described  from  cate- 
chu, be  added  to  acetate  of  lead,  an  insoluble  tannate  of  lead  falls, 
composed,  according  to  Berzelius,  of  100  tannin  +  62  oxide  of  lead. 
Now,  if  we  suppose  that  tannin  forms  definite  compounds  with  the  me- 
tallic oxides,  in  the  manner  of  a  vegetable  acid,  the  number  215.3  will 
be  its  representative,  as  deduced  from  the  above  datum. 

1605.  Mr.  Hatchett  has  shown  that  tan  may  be  formed  artificially  by  Artificial  ua- 
digesting  charcoal  in  dilute  nitric  acid  during  several  days ;  it  is  at"^* 
length  dissolved,  and  a  xeddish  brown  liquor  is  obtained,  which  fur- 
nishes, by  carefiil  evaporation,  a  brown  glossy  substance,  amounting  to 

about  120  parts  from  100  of  charcoal. 

This  artificial  iannin  appears  to  differ  in  one  circumstance  only  from 
natural  tannin,  which  is,  that  it  resists  the  action  of  nitric  acid,  by 
which  all  the  varieties  of  natural  tannin  are  decomposed,  though  some 
are  more  capable  of  resisting  its  action  than  others. 

Artificial  tannin  has  a  bitterish  astringent  taste,  is  soluble  in  water  andf 
alcohol,  and  forms  an  insoluble  precipitate  in  solutions  of  animal  gela- 
tine, the  precipitate  consisting,  according  to  Mr.  Hatchett,  of 

36  Tannin. 

64  Gelatine. 

100 

*  Muriatic  and  sulphuric  acids  occasion  browB  precipitates,  in  solution  ^c^ou  •£ 
of  artificial  tan,  wluch  are  soluble  in  hot  water.     It  combines  with  the  ^*'** 
alcalis,  and  forms  a  precipitate  of  difficult  solubility  in  aqueous  solu- 
tions of  limie,  baryta,  and  strontia,  and  in  most  metallic  solutions  ;  these 
precipitates  are  of  a  brown  colour* 

1606.  A  variety  of  artificial  tan  is  formed  by  digesting  camphor  and 
resins  in  sulphuric  acid  till  the  liquor  becomes  black,  and. on  being 
poured  into  water,  deposits  a  black  powder,  which,  by  digestion  in  aU 
cohol,  furnishes  a  brown  matter,  soluble  in  water,  and  forming  an  in- 
soluble precipitate  with  gelatine. — Hatchett,  PAt/.  Trant.  1805, 1806. 


Section  IX.     Colouring  Matter. 

1607.  The  colouring  matter  of  vegetables  appears  to  reside  in  se- 
veral of  their  principles,  and  is  therefore  very  differently  acted  on  by 
solvents.  Its  extraction,  and  transfer  t«  different  substances,  consti- 
tutes the  art  of  Dyeing, 

1608.  Different  materials  not  only  possess  very  different  attractions 
for  dye  stnfis,  but  they  absorb  the  colouring  matter  in  very  different 
proportions.  Wool  appears  in  this  respect  to  have  the  strongest  at- 
traction for  colouring  substances  :  silk  comes  next  to  it ;  then  cottoh ; 
and,  lastly,  hemp  and  flax. 

1609.  Colours  have  been  divided  by  Dr.  Bancroft,  in  bis  work  on 
ptrmaneni  Colour^^  into  smbstat^ive  and  adjective.    The  former  commu- 
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nicate  colour  without  the  iotenrention  of  any  other  substance .  They 
have  an  attraction  ibr  the  fibre  of  cloth  or  linen,  and  are  permanentl) 
retained.  The  latter  require  the  intervention  of  some  bodj,  possess- 
ed of  a  joint  attraction  for  the  colouring  material  and  stuff  to  l^  dyed. 
The  substance  capable  of  thus  fixing  the  colour,  has  been  called  a  ba- 

Mordvpti.      m,  or  mordanL 

1610.  The  mordants  most  frequently  employed  are  acetctte  of  salu- 
fntna,  ulphait  or  acetate  of  iron^  and  nmriate  of  tin.  The  substance  to 
be  dyed  is  first  impregnated  with  the  mordant,  and  then  paased  through 
a  solution  of  the  colouring  matter,  which  is  thus  £xed  in  the  fibre,  sod 
its  tint  is  either  modified  or  exalted  by  the  operation. 

The  following  are  the  modes  of  producing  some  of  the  principal  co- 
lours: 

BUck.  1611.  Black  is  produced  by  astringents  and  salts  of  iron,  and  if  in- 

tended to  be  deep  and  perfect,  the  cloth  should  previously  be  dyed 
blue  wiUi  indigo.  The  stuff  is  first  soaked  in  a  badi  of  galls,  then  lio- 
ced,  and  passed  repeatedly  through  a  solution  of  sulpht^  of  iron  in  io- 
fusion  of  logwood ;  exposure  to  air  deepens  the  coloar«  which  at  first 
has  a  purplish  tint.  Logwood  tends  considerably  to  improve  the  bbck, 
and  prevents  its  acquirii^  a  rusty  or  brown  hue.  Sometimes  madder 
is  used  for  the  same  purpose.  Silk  is  dyed  black  nearly  in  the  sme 
way,  but  it  requires  a  much  larger  relative  proportion  of  galls,  nd  tibe 
operation  must  be  frequently  repeated.  It  is  difficult  to  give  a  good 
and  permanent  bl^ck  to  calico  ;  in  this  process,  ^Ksetate  of  iron,  ^h, 
and  madder  are  generally  used,  and  the  colour  is  rendered  more  dnn- 
ble  by  previously  steeping  the  goods  in  a  weak  solution  of  glue. 

orty.  Grey  is  produced  by  the  same  operations  as  black,  bat  the  materiab 

are  used  in  a  very  dilute  state. 

BiM.  1612.  Blue  is  chiefly  derived  from  indigo^  a  substance  produced  by 

fermentbg  the  leave^  of  several  species  of  the  tadtgofefa,  a  plant 
abundantlv  cultivated  in  South  America  and  in  the  East  in&es. 

iadico.  1613.  hdigo  is  a  substance  of  a  deep  blue  colour,  contaiini]^  about 

50  per  cetU,  of  pure  colouring  matter,  which  is  perfectly  insoluble  in 
water ;  when  heated  it  sublimes  in  the  form  of  a  blue  smoke,  whick  oo 
condensation,  forms  acicular  crystals.  It  is  soluble  in  coDceatrated 
(Sulphuric  acid.  This  solution  is  usually  called  Saxim  or  Uquid  6/i»,  and 
is  used  as  a  substantive  colour  for  dyeing  cloth  and  silk*  Sabstinces 
which  powerfully  attract  oxygen  render  indigo  green,  and  byexpssore 
to  air,  it  i^n  acquires  a  blue  colour.  In  tMs  green  state  indigo  is  so- 
luble in  the  alcalis,  and  the  solution  is  conmionly  employed  for  ^^^ 
calico.  A  bath  for  this  purpose  may  be  made  by  wM«t^  one  part  of 
indigo,  two  parts  of  sulphate  of  iron,  and  two  of  lime,  in  a  suficieBt 
quantity  of  water :  in  this  case  the  sulphate  of  iron  is  decomposed  bj 
a  portion  of  the  lime.  The  protoxide  of  iron  thus  produced  becomes 
peroxidized  at  the  expense  of  the  indigo,  which  is  rendered  green  and 
soluble  in  the  alcaline  liquor ;  cotton  steeped  in  this  solution  acquires 
a  green  colour,  which  by  exposure  to  air,  and  washing  in  water  aodo- 
lated  with  sulphuric  acid,  becomes  a  permanent  Uue. 

A  little  iron  or  zinc  thrown  into  diluted  sulphate  of  indigo,  changes 
or  destroys  the  colour  in  consequence  of  the  evolution  of  hydrogeo; 
the  colour  is  also  quickly  impaired  and  destroyed  by  chlorine. 

1614.  The  analysis  of  indigo,  to  ascertain  the  proportion  of  cdour- 
ing  matter,  which  varies  much  in  diflerent  samples,  may  be  p^r- 
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fonned  by  the  successive  action  of  water,  alcohol,  and  muriatic  acid 
(CHHVRSifL,  Ann.  de  Chim*  bLvi.  20.)  100  parts  of  Guatimala  indig;o, 
thus  treated,  afforded 

£  Graen  matter  combined  with  ammooia  \ 

i  Gum   . . .    . .  1 . ! . .  ..!!..!  \ 

C  Green  matter > 

To  Alcohol .  <  Resin >  30 

.  C  A  trace  (rf*  indigo j 

/Rediesin   6 

To  Muriatic   7  Carbonateof  lime    2 

Acid        \0sudeoflroo >     t^ 

f    AlnmWim  >        * 


f  Alnipina 


} 


^^^^••-  liS^di^w'.;::!:::::;::;:::   4! 

100 

1616.  The  action  of  nitric  acid  on  indigo  has  been  particularly  exa- 
mined by  Mr.  Hatchett  {MdHional  ExperimenU  <m  Artificial  Tan- 
nin^ Phil.  Trans.  1806.)  This  acid,  diluted  with  about  two  p«rt8  of 
water,  produces  much  effervescence  when  poured  on  powdered  indigo, 
and  gradutdly  dissolves  it  -,  the  solution,  evaporated  to  dryness,  leaves 
a  yellow  residue,  soluble  in  water,  of  an  intensely  bitter  taste,  and 
composed  partly  of  artificial  Tannin,  and  partly  of  a  peculiar  hitttr 
principle  combined  with  ammonia. 

1616.  YeUofw.  There  are  several  dye  stufifs  employed  in  the  produc- Y«u«V' 
tioB  of  yellows.    A  decoction  of  Wefd  (Reseda  JLuteolay)  with  an  alu- 
minous  mordant  gives  a  good  yellow,  which  is  rendered  more  brilliant 

by  tartar,  and  by  permuriate  of  tin. 

The  bark  of  the  American  oak  {Qnercm  Nigra,)  or  Quercitron  bark^ 
also  furnishes  excellent  yellows  ;  it  was  first  introduced  into  England 
by  Dr.  Bancroft,  who  has  fully  auod  philosophically  detailed  its  varioua 
applications  {Experimental  Retearches  concerning  Ae  Phdloeophy  ofPer^ 
moneia  Colours,  &c.,  London,  1818.)  The  salts  of  alumina  and  of  tin 
are  the  principal  mordants  employed  both  with  wool  and  cotton. 

fwHic  wood^  sumadti  and  dyers'  broom,  are  also  occasionally  employ- 
ed as  sources  of  yellow  colours. 

1617.  Redi  are  chiefly  produced  £r6m  madder,  the  prepared  root  ofiuai. 
the  Rabia  Tinctormiu  The  colburiug  matter  is  fixed  by  an  alaminoua 
mordant,  assisted  by  galls,  but  the  process  is  yeiy  complex  and  circui- 
tous. In  Dr.  Bancroft's  work  above  quoted  (Vol.  ii.)  are  full  detaib 
upon  this  subject ;  and  a  perspicuous  abstract,  of  them  wiU  be  found  in 
Aikih's  DicHonary,  Art  Dykivo. 

Brazil  wood,  eo^Jlveoer,  and  logwood  are  occasionally  employed  as  red 
jor  ^nk  dye  8tu£b,  but  they  only  give  fugitive  colours. 

1618.  Scarlet  is  produced  exclusively  with  the  colourit^  matter  ofsctd«t. 
the  cochineal,  a  small  insect  brought  from  Mexico,  where  it  is  found 
itpon  different  species  of  the  Opuntia.  The  nature  of  this  colouring 
matter  has  been  investigated  by  MM.  Pelletier  and  Caventou  ;  it  S 
imited  in  the  insect  with  a  pecubar  animal  matter,  fat,  and  some  saline 
aubttances ;  they  separated  it  by  exposing  a  strong  dcohohc  tincture  of 
cochineal  to  spontaneous  evaporation ;  it  deposited  a  crystalline  mat- 
ter, which  was  re-dissolved  in  dcohol  and  the  solution  mixed  with  its 
bulk  of  sulphuric  ether ;  this  caused  it  in  a  few  days  to  deposit  tlie 
pure  c<Aouring  priiici^e»  which  they  call  Carminium :  Dr.  John  has 
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proposed  for  it  the  term  CoccinelUn.  This  substance  is  fusible  at 
about  120^,  yery  soluble  in  water,  less  so  in  alcohol,  and  insoluble  Id 
ether  -,  the  acids  change  its  colour  from  purple  to  pale  red  or  yellow : 
the  alcalis  render  it  violet ;  and  its  colour  is  impaired  by  most  saline 
solutions,  it  readily  combines  with  alumina,  forming  a  beautiful  kke 
or  carmine. 

The  colouring  matter  of  cochineal  is  fixed  upon  wool  by  nitromiiri- 
ate  of  tin  and  tartar,  by  which  scarlets  are  produced,  and  alum  changes 
the  scarlet  to  crimson.  Cotton  and  linen  are  yery  rarely  dyed  witli 
cochineal,  for  independent  of  its  great  expense  the  colours  are  litUe 
superior  to  those  given  by  madder. 
^^  1619.  Bi^  and  Fawn  Colour  ure  produced  in  a  variety  of  wajg. 

WaintU-husks  and  Sumaek^  with  alum  mordants,  give  durable  colours  of 
this  description,  which  are  rendered  Drab,  or  Grey^  by  a  very  little 
iron. 
Grttn,  1620.  Green  is  obtained  on  woollen  cloth,  by  passing  it  through  tbe 

green  indigo  vat,  and  then  dyeing  it  as  for  simple  yellows,  the  rela- 
tive proportion  of  the  blue  and  yellow  being  adjusted  to  the  intended 
intensity  of  the  green.  Silk  is  first  dyed  yellow,  and  afterwards  blued 
with  indigo.  Saxon  ^reeit  is  done  by  dyeing  yellow  upon  a  Saxon  biae 
ground.  A  solution  of  verdigris  in  vinegar  is  sometimes  used  to  pro- 
duce a  delicate  green :  pearlash  is  added  before  it  is  used,  and  the 
cotton  previously  impregnated  with  the  alum  mordant,  is  then  passed 
through  the  mixture. 

Besides  the  above,  an  infinite  variety  of  compound  colours  are  form- 
ed, bj  mixtures  of  the  simpler  tints,  and  of  the  mordants  ;  but  as  my 
object  is  merely  to  give  a  general  idea  of  the  principles  of  the  art  of 
djeing,  I  must  refer  the  reader  for  practical  details  to  tbe  works  ex- 
pressly upon  the  subject,  and  more  especially  to  Dr.  Bmcrofi's  TVea- 
tise  already  quoted. 
« aiieo-priit-  1621.  Calico'^rinting  i»  a  more  refined  and  difficult  branch  of  the 
"^^  art  of  dyeing.    In  this  process  adjective  colours  are  almost  always 

employed.  The  mordants,  the  principal  of  which  are  acetate  of  alu- 
mina, and  acetate  of  iron,  aUB  first  q^plied  to  the  calico  by  meant  of 
wooden  blocks  or  copper  plates,  upon  which  the  requisite  patterns  are 
engraved.  The  stuff  is  then  passied  through  the  colouring  bath,  and 
afterwards  exposed  on  the  bleaching  ground,  or  washed.  The  colour 
flies  from  those  parts  which  have  not  received  the  mordant,' and  is  per- 
manently retained  on  those  parts  only  to  which  the  basis  has  been  ap- 
plied :  variety  of  colours  is  produced  by  employing  various  mordants, 
and  different  colouring  matenals. 

White  spots  upon  a  dark  ground  are  sometimes  produced  by  cover- 
ing the  parts  with  wax,  pipe-clay,  or  other  materials,  which  prevent 
the  contact  of  the  colour  ;  or  citric  acid^  thickened  with  gum,  is  ap- 
plied Hke  a  mordant  with  the  block  or  plate,  which  prevents  the  re- 
tention  of  the  colour.  Sometimes  the  colour  is  discharged  in  j^aces 
by  the  appEication  of  chlorine. 
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Section  X.    Wax. 


1622.  This  principle  exists  in  many  plants  ;  it  may  be  obtained  by  &<tniUw. 
bruising  and  boiling  them  in  water  :  the  wax  separates  and  concretes 

on  cooling. 

The  berries  of  the  Myrica  cerifera,  and  the  leaves  and  stem  of  the 
Ceroxylon  afford  considerable  quantities  of  wax  by  this  process  (Bos- 
TOCK,  NicHOLSoN^s  /oMmo/,  Vol.  iv.,  BiiAiri^E,  Phil.  Traau.  1811.) 
The  glossy  rarnish  opon  the  upper  sur^e  of  the  leares  of  many 
trees  is  of  a  similar  nature,  and  though  there  are  shades  of  difference, 
these  yarieties  of  wak  possess  the  essential  properties  of  that  formed 
by  the  bee. 

1623.  Pure  wax  is  colourless  and  insipid ;  its  specific  gravity  isPiopw^ifi. 
about  .96 :  it  is  insoluble  in  water,  ai^  fbsible  at  a  temperature  of 
about  150^ ;  at  a  higher  temperature  it  is  conrerted  into  vapour,  and 

at  a  red  heat  it  bums  in  the  contact  of  air  with  a  bright  flame.  It  is 
sparingly  soluble  in  boiling  alcohol  and  ether,  and  is  deposited  as  the 
solutions  cool.  The  fixed  oils,  when  assisted  by  heat,  readily  dissolre 
it,  and  form  a  compound  of  rariable  consistency,  which  is  the  basis  ofcentw. 
cerates  and  aifUments.  Some  of  the  volatile  oils  also  dissolve  wax« 
when  aided  by  heat.  It  is  soluble  in  the  fixed  akalis,  forming  soapy 
compounds  ;  but  the  acids  scarcely  act  upon  it ;  hence  the  advantage 
of  wax'lute^  for  the  retention  of  corrosive  vapours. 

1624.  When  bees'- wax,  or  myrtle-wax,  are  digested  in  boiling  alco* 
hoi,  they  afford,  according  to  Dr.  John,  a  soluble  and  insoluble  portion ; 

he  has  called  the  former  certn,  the  latter  myriein.    Cerin  is  insoluble  c«riii. 
in  water  and  in  cold  alcohol  and  ether,  but  dissolves  in  those  liquids 
when  heated.     Myricin  is  insoluble,  under  aU  circumstances,  in  alco-^Myacui. 
hoi  and  ether. 

The  term  eerine  has  been  applied  by  Chevreul  to  a  principle  resera* 
bling  wax,  which  he  separated  from  cork ;  it  is  less  fusible  than  wax, 
more  soluble  in  alcohol,  and  partly  converted  into  oxalic  acid,  by  the 
action  of  nitric  acid  (1598). 

1626.  According  to  Oay-Lussac  andThenard,  100  parts  of  wax  con-, 
stst  of  81.79  carbon,  6.30  of  the  elements  of  water,  and  11.91  of  ex- 
cess of  hvdrogen ;  these  numbers  may  be  considered  as  equivalent  to 

1  Proportional  of  oxygen =^      8  .  •    6.48 

20         „         „       carbon        6  X  20  =s  120  .  .     82.2 
18         „        „       hydrogen    I  X  18  *     18..  .  12.32 

■■■»'  ■        ^-^—^"^ 
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Sectioh  XI.    Fixed  Oil 

1 626.  Fixed  Oil  is  generally  obtained  by  pressure  from  certain  see(^ 
such  as  the  almond,  linseed,  and  many  others,  and  from  the  ohve.  f^"^ 
specific  gravity  of  the  fixed  oils,  is  usually  a  IHtle  below  that  of  water. 
They  are  viscid  ;  insipid,  or  nearly  so  j  and  gOD^rally  congetl  at  a 
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temperature  not  so  low  as  that  required  to  freeze  water.  A  few  of 
thcTare  solid  at  the  ordinary  temperature,  and  have  been  called  ^- 
uMebiUters.  They  are  insoluble  in  water,  but  by  the  aid  of  mucd:^ 
may  be  diffused  through  it,  forming  emulnan,.  They  are  for  Ae  moet 
part  sparingly  soluble  in  alcohol  and  ether,  though  castor-oil  dissoWes 
bany  quantity  in  those  fluids— Brakde,  PhiL  Trans.  181 1. 

1627.  OUve  oil  is  sometimes  adulterated  with  that  of  certain  seeds, 
which  may  be  detected  by  the  action  of  nitrate  of  mercury.  ForthB 
purpose,  6  parts  of  mercury  are  dissolved  without  heat  in  7.5  parts  of 
iitnc  acid,  specific  gravity  1.86 ;  this  solution,  shaken  with  ohvc  oil, 
becomes  solid  in  a  few  hours ;  but  if  sophisticated  with  oU  of  grams, 
it  does  not  solidify  it  .«u«;f*«^  .^ 

1628.  If  oU,  which  has  been  congealed  by  cold,  be  suteiitted  to 
pressure  between  folds  of  bibulous  paper,  a  dry,  concrete,  fiitty  matter 
18  obtained,  which  Chevreul  has  called  Siearine ;  the  paper  absorbs  a 
fluid  matter,  which  does  not  congeal  at  a  much  lower  tenaperatare,  and 
which,,  though  it  does  not  become  rancid,  acquires  viscidity  by  expo- 

EUi«  sure  to  air.  This  fluid  part  he  has  called  Elaim.  The  relative  pro- 
portions  of  these  principles  differ  in  the  different  oils.— J!««ifc#  de 
Chimie,  Tom.  xciii.  xciv. — See  Animal  OUm. 

1629.  These  oils  cannot  be  volatilized  without  dec<miposiUon,  wtocn 
takes  place  at  a  temperature  of  about  600^,  and  water  is  copiously 
formed,  attended  by  the  separation  of  carbonaceous  matter,  whicJi 
causes  the  oil  to  blacken  and  grow  thick  ;  a  porUon  of  acetic  acid  b 
also  at  the  same  time  formed.  If  the  vapour  be  collected  it  is  fouad 
acrid,  soijr,  and  empyreumatic  ;  it  was  formerly  employed  m  pharmacy, 
under  the  name  of  phUotophers'  oily  and  as  it  was  often  obtained  by 
steeping  a  brick  in  oil,  and  submitting  it  to  distillatioo,  it  was  also  caJIed 

m  ^  br  .k..  oil  of  bricks,  passed  through  a  red-hot  tube,  the  fixed  oils  furnish  a 
very  large  proportion  of  carburetted  hydrogen  gu  (436)  ;  and  when 
burned  in  the  wicks  of  lamps  they  suffer  a  similar  decomposi^n,  and 
water  and  carbonic  acid  are  the  products  of  their  combustion. 

1630.  The  greater  number  of  the  fixed  oils  undergo  little  other 
change  by  exposure  to  air  than  that  of  becoming  somewhat  more  vis- 
cid, and  acquiring  a  degree  of  rancidity.  In  this  state  they  contain 
free  acid,  and  redden  vegetable  blues.  Some  few,  such  as  hnseed  and 
nut-oil,  and  the  oils  of  the  poppy  and  hempseed,  become  covered  with 
a  pellicle,  and  when  thinly  spread  upon  a  surface,  instead  of  ranaining 

•    uif.   P"^**!'  become  hard  and  resinous  ;  these  are  termed  dryif^  oi^,  and 
^"^        their  drying  quality  is  much  improved  by  boiling  them  up«i  a  small 
quantity  of  litharge. 

1631.  The  drying  oils,  and  especially  nut-oil,  form  the  basis  of  pniri- 
«r«'  tnib,  the  history  of  which  will  be  found  in  Lewis's  PhiL  Commirce 
4>f  the  Arts.  The  oil  is  heated  and  set  fire  to,  and  after  having  been 
suffered  to  bum  for  half  an  hour  is  extinguished,  and  boiled  till  it  ac- 
quires a  due  consistency  ;  in  this  state  it  is  called  Famish^  and  is  vis- 
cid, tenacious,  and  easily  miscible  with  fresh  oil,  or  with  oil  of  turpen- 
tine, by  which  it  is  properly  thinned,  and  afterwards  mixed  with  abont 
one-eighth  part  of  lamp-black. 

Actios  of  •!.     1632.     The  alcalb  readily  combine  with  the  fixed  oUs,  and  form 
coitf.  white  comnounds  cal]i»d  Saan.     Of  these  the  most  imDOrtant  is  the 
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lutioA  of  caustic  soda,  is  obtained,  wbich  is  boiled  in  an  iron  pot  with 
six  parts  of  oil  till  the  soap  separates,  which  is  accelerated  by  the  addi- 
tion of  common  salt ;  it  is  then  suffered  more  perfectly  to  congeal,  and 
in  a  few  days  becomes  hard  enough  to  cut  into  forms  (Aikin's  Die- 
tionaryy  Art  Soap).  The  best  soaps  are  made  with  olive  oil  and  soda  jsm^^ 
in  this  country  animal  fet  is  usually  employed  for  the  common  soaps,  to 
which  resin  and  some  other  substances  are  occasionally  added.  Soft 
Soap  is  a  compound  of  potassa  with  some  of  the  common  oils  ;  even 
fish  oil  is  often  used. 

Soap  fiimishes  a  milky  solution  with  water.  It  dissolves  in  alcohol, 
and  the  solution,  if  concentrated,  is  of  a  gelatinous  consistency.  By 
carefully  distilling  off  the  alcohol,  a  transparent  soap  is  obtained. 

The  acids  and  the  greater  number  of  salts  decompose  soap,  forming 
in  most  cases  a  compound  of  difficult  solubility  ;  hence  hard  ztaien 
are  unfit  for  washing,  in  consequence  of  containing  sulphate  of  lime ; 
hence  also  the  alcoholic  solution  of  soap  is  useful  as  a  test  for  ascer- 
taining the  fitness  of  water  for  this  purpose,  which,  if  it  becomes  very 
turbid,  cannot  in  general  be  used  for  washing. 

When  soaps  are  decomposed  by  the  acids,  the  oil  which  they  con- 
tain is  found  to  have  undergone  a  change,  the  history  of  which  will  be 
noticed  under  the  head  of  animal  oils, 

1633.  The  fixed  oils  readily  combine  with  oxide  of  lead,  when 
ai^ed  by  heat,  forming  the  compound  usually  termed  plaster;  with  theriMtert. 
oxides  of  mercury  and  bismuth  they  produce  very  similar  combina- 
tions, and  are  also  capable  of  dissolving  white  arsenic  in  large  pro- 
portion. 

1634.  The  ultimate  components  of  olive  oil,  as  given  by  Gay-Lussac 
and  Thenard,  are 

77.21  carbon. 
9.43  oxygen. 
13.36  hydrogen. 
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Section  XII.     Volatile  Oils. 

1635.  These  oils  are  generally  obtained  by  distilling  the  plants  Kstnction. 
which  afford  them  with  water  in  coinmon  stills ;  the  water  and  ou  pass 
over  together,  and  are  coUected  in  the  Ralian  recipient  shown  in  the 
following  cut,  in  which  the  water  having  reached  the  level  a  by  runs 
off  by  the  pipe  c,  and  the  oil  being  generally  lighter  than  water,  floats 
vpon  its  surface  in  the  space  d.  The  whole 
contents  of  the  recipient  are  then  poured  into  a 
funnel,  the  tube  of  which  is  closed  with  the  fin- 
ger, and  when  the  oil  has  collected  upon  the 
surface,  the  water  is  suffered  to  run  from  it,  and 
the  oil  transferred  into  a  bottle.  The  distilled 
water  being  saturated  with  the  oil,  should  be  re- 
tained for  a  repetition  of  the  distillation.  The 
produce  of  oil  is  sometimes  increased,  by  add- 
ing sakt  to  the  water  in  the  still,  so  as  to  ele- 
▼ate  its  boiling  point  a  few  degrees. 
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Some  oT  the  Tohtite  oils  ai*  olitaiiied  by  exprcatton,  tttch  as  those 
of  fMMA  oroMf e,  and  Bertamot,  which  ire  contained  in  distmct  ▼ea- 
des  in  the  rind  of  those  fniitt. 

1636.  The  Tohitile  oib  Tary  conuderably  m  ipedflc  graTitj,  as 
•hown  by  the  following  Table : 

OU  of  Saasafraa 1094 

Cinnamon 1»036 

Cloves 1034 

,,      Fennel S^'^ 

„      Dill 9»4 

„      Penny-royal 978 

..      Cummin ^'^ 

„      Mint 915 

.„      Nutmep     ®*^ 

;;      TansyT 946 

„      Caraway 940 

^j      Origanum •  •     940 

M      Spike 936 

„      Rosemary 934 

„      Jimiper   . 911 

>,      Oranges M8 

„      Turpentine 792 

1637.  The  volatile  oib  hare  a  penetrating  odour  and  taste,  and  are 
generally  of  a  yellowish  colour ;  they  are  for  the  most  part  very  so- 
luble in  alcohofb  and  very  sparingly  soluble  in  water ;  these  solutions 
constitute  pei/ttm«l  essences  and  distilled  waters.  The  hiter  are  prin- 
cipally employed  in  pharmacy,  and  the  former  as  periumes. 

When  pure  they  pass  into  vapour  at  a  temperatnresoBiewhat  above 
that  of  212^,  but  when  distilledwithwater,  they  pass  over  at  its  boiling 
point.  They  are  very  inflammable,  and  water  and  caiboiuc  acid  are 
the  results  of  their  perfect  combustion.  As  many  of  these  oils  bear  a 
very  hi^  price,  they  are  not  unfrequently  adulterated  with  alcdiol  and 
fixed  oils.  The  former  addition  is  rendered  evident  by  the  sction  of 
water  ;  the  latter  by  the  greasy  spot  which  they  leave  on  paper,  and 
which  does  not  evaporate  when  gently  heated. 
A^tr«sr  1638.  The  volatile  oils  absorb  ozyceU)  when  long  exposed  to  it,  and 
'***  become  thick  and  resinous.    They  also  absorb  chforine.    Nitric  and 

sulphuric  acids  rapidly  decompose  the  volatile  oils :  a  mixture  of  four 
parts  of  nitric,  and  one  of  sulphuric  acid,  poured  into  a  smatt  quanti- 
ty of  oil  of  turpentine,  produces  instant  inSammatioB,  and  nmns^ 
acid  Is  produced,  along  with  a  peculiar  substance,  in  some  cases  not 
unlike  camphor.^  Iodine  produces  changes  somewhat  aimkgous.  Mu- 
riatic acid  combines  with  several  of  them,  and  forms  a  crystdlisable 
compound  which  has  been  compared  to  camphor  f  1 647) . 

1639«  The  relative  quantity  of  essential  oils,  Aniidied  from  diftr- 
ent  materials,  is  liable  to  much  variation ;  the  following  are  the  pro- 
ducts of  1  cwt.  of  the  different  vegetable  substances  : 


Juniper-berries  (common)  %    *    % 4to3 

Ditto  (fine  Italian^ ..».7fo8 

Aniseed  (common; 32  to  35 

Ditto  (finest) 36  to  38 
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Ut.    oz.  Ibi.  or. 

Caraways from    3  12  to  4  12 

X)ill-8eed  .    ^ from     2        to  2    6 

Cloves from  18        to  20 

Pimento    .     .      ' *    •    from    2        to  3    4 

Fennel-seed 2 

Leaves  of  the   Junipems  Sabina 14 


Section  XIII.     Camphor, 

1640.  This  substance  in  many  respects  resembles  the  essential  oils ;  g^i^^^  ;„  ^, 
like  them  it  is  volatile,  inflammable,  soluble  in  alcohol,  and  sparingly  cohoL 
soluble  in  water. 

In  its  ordinary  state  it  is  white,  semi-transparent,  and  concrete.     Its  SpccUwfravi- 
specific  gravity  .98.    It  fuses  at  about  300*,  in  dose  vessels.     It  dis-^^' 
solves  ID  the  nzed  and  volatile  oils.     It  is  scarcely  acted  upon  by  the  Action  of  oUt. 
alcalis  ;  some  of  the  acids  dissolve^  others  decompose  it. — Hatchett, 
PhiL  Tran$»  1805.     Chevreul,  AnruUes  de  Ckimie^  Ixxiii. 

If  mixed  with  bole  or  powdered  clay,  and  repeatedly  distilled,  it  is 
almost  entirely  converted  into  a  liquid,  having  the  characters  of  essen- 
tial oil. 

The  camphor  of  commerce  is  obtained  from  the  Laurus  Campkara,  EztneUoa. 
and  comes  chiefly  from  Japan.    It  is  originally  separated  by  dutilla- 
tioD,  and  subsequently  purified  in  Europe  in  a  subliming  vessel  some- 
what of  the  shape  of  a  turnip,  from  which  the  cakes  of  camphor  de- 
rive  their  form. 

1641.  When  camphor  is  repeatedly  distilled  with  nitric  acid  it  is  Action  of  ni< 
converted  into  tatnpkoric  acid.    For  ihi»  purpose  four  ounces  of  cam- ^^  ^^^' 
phor,  reduced  to  powder  by  triturating  it  with  a  few  drops  of  spirit  of 

wiae,  may  be  tntrofiuced  into  a  two-quart  tubulated  retort,  placed  in  a 
Band  heat  :  pour  upon  it  30  ounces  of  conunon  nitric  acid,  and  proceed 
to  slow  ^stUlation.  When  two  thirds  of  the  acid  have  passed  over, 
return  it  into  the  retort  and  distil  as  before,  repeating  the  operation 
twice  more ;  after  which,  as  the  liquor  cools,  a  quantity  of  ciystals  of 
camphoric  acid  are  deposited,  which  are  to  be  washed  and  dried.  This 
acid  assumes  the  form  of  plumose  crystals,  soluble  in  about  100  parts 
of  water  at  60^,  and  in  rather  more  than  one  part  of  alcohol.  Its 
taste  is  acid,  and  sooiewhat  acrid,  and  it  has  an  aromatic  odour.  Ex- 
posed to  heat  it  sublimes  unaltered.  It  combines  with  the  salifiable 
bases,  constituting  a  class  of  salt  called  Can^horai€i. 

1642.  Cktn^horaU  of  ammonia  is  with  difliculty  crystallised  ;  it  is 
sparingly  soluble  in  water,  but  more  copiously  in  alcohcd. 

1643.  Campk^rate  of  Potaaia  fonas  hexagonal  crysti^^  soluble  in 
about  100  parts  of  water  at  60<»,  and  in  25  parts  at  2W.  Its  alcohol- 
ic solution  burns  with  a  blue  flame. 

1644.  CamphoraU  of  Soda  is  possessed  nearly  of  the  same  proper- 
ties as  the  preceding. 

1645.  Campkoraie  of  Lime  is  nearly  insoluble  in  water  and  alcohol. 

1646.  Camphorate  of  Baryta  forms  difficultly  soluble  lamellar  crys- 
tals.— Bouillon  Lacbakge,  AnnaUs  de  Chimio,  xxvii. 
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1647.  Wheo  a  current  of  muriatic  acid  gas  is  passed  through  oil  of 
turpentine,  it  deposits  a  concrete  substance,  which  has  been  called  a r- 

^tificial  camphor i  and  the  weight  of  which  amounts  to  about  one-h;ilf  of 
v^'  the  oil  employed.     When  purified  by  subUmation  with  a  little  quick- 

lime, it  is  rendered  pure  and  white.  It  is  lighter  than  water,  sublimej 
without  decomposition,  burns  like  camphor,  and  in  smell  resembia 
a  mixture  of  camphor  and  turpentine  (Trenard,  Mimoires  d*Arc%eil, 
Tom.  ii.)  By  the  action  of  zinc  it  affords  chloride  of  zinc,  and  the  oil 
is  evolved  little  altered. 

1648.  Camphor  dissolves  in  sulphuric  aqd,  forming  a  brown  solo- 
tion,  from  whrch  it  is  at  first  precipitated,  unaltered,  by  water.    Snl- 

Actios  •(  wi-phurous  acid  is  afterwards  evolved,  the  solution  becomes  black  anl 
'******^  thick,  and,  after  some  days,  affords  a  brown  coaguluin  on  the  additioD 
of  water,  and  smells  fragrant  and  peculiar.  On  distilliDg  the  dilated 
liquor,  water  and  a  yellow  oil  pass  over,  a  little  sulphurous  acidistheo 
disengaged,  and  a  black  matter  remains  in  the  retort,  which,  when  <fi- 
gested  in  alcohol,  affords  a  portion  of  soluble  matter  having  sojm  of 
the  properties  of  artificial  tannin. — ^Hatcbett,  Phil.  Trans.  1805. 
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Sectioii  XIV.    Reiin$> 

1649.  Resins  are  substances  which  exude  from  many  trees,  either 
from  natural  fissures  or  artificial  wounds.  Common  resin  is  obtained 
by  distilling  the  exudation  of  different  species  of  fir ;  oil  of  turpentme 
passes  over,  and  the  resin  remains  behind.  It  may  be  taken  as  a  per- 
fect example  of  resin,  and  is  possessed  of  the  fi>llowmg  properties :  It 
is  solid,  brittle,  a  little  heavier  than  water,  and  acquires  negative  ekc^ 
tricity  when  rubbed.  It  has  scarcely  any  taste  or  smell ;  is  insolBble 
in  water  ;  readily  soluble  in  alcohol,  which  takes  up  about  one-iiurd 
its  weight,  and  becomes  milky  upon  the  addition  of  water.  Resin  is 
soluble  in  the  caustie  alcalis,  the  solution  is  saponaceous,  sad  when 
mixed  with  an  acid,  the  resin  separates,  scarcely  altered  in  its  proper- 
ties.  Nitric,  muriatic,  and  acetic  acids  dissolve  it  withoatmuckchu^*. 

1660.  A  few  of  the  resins  derive  odour  from  containing  essential  oil ; 
some  afford  benzoic  acid  when  heated,  and  these  have  been  termed 
balHiffu ;  copal,  nuutich^  and  a  few  others,  are  very  difficultly  soluble 
in  alcohol,  and  contain  a  substance  somewhat  analogoua  to  caoutohcac. 
Guaiaeum  is  characterized  by  the  singular  changes  of  colour,  which  its 
alcoholic  solution  suffers  when  exposed  to  the  action  of  nitric  acid.— 
PkU.  Tram.  1811. 

Guaiacum  is  also  rendered  blue  by  Uie  gluten  of  wheat,  but  its  colour 
is  not  changed  by  starch ;  the  intensity  of  the  blue  colour  is  said  to  be 
proportional  to  the  quantity  of  gluten  present  in  flour. — Tadoei,  Gt- 
omaU  de  Fitiea,  i.  168.    Qj^rierly  Journal^  viii.  376. 


*  The  propertifls  of  tibe  f 


.Hatchett,lfaedtt>jh 


.    . of  tibe  reftns  ha?©  been  very  aWy  bveflCigated  by  Mr.  Hatche  , 

•■^T'OM.rasearcbes  will  be  foimd  b  hit  caoumiiiicatiODS  fo  the  Bml  Societr,  mUii  id  ^ 
/"JWMqpAreai  7V«M«/ioi«*  for  1804, 1805, 1806. 
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1651.  Lac  U  a  substance  formed  by  an  insect,  and  deposited  on  dif- 
ferent species  of  trees  chiefly  in  the  East  Indies.  The  yarioas  kinds 
of  lac  distinguished  in  conunerce,  are  ttick  lac,  which  is  the  substance 
in  its  natural  state,  investing  the  small  twigs  of  the  tree  :  seed-lac,  which 
is  th%  same  broken  off ;  and  which,  when  melted,  is  called  shelUlac. 
These  substances  have  been  examined  by  Mr.  Hatchett*.  The  follow- 
ing table  exhibits  their  component  parts. — PhU,  Trans.  1804. 


Resin  .  .  . 
Colouring  matter 

Wax 

Gluten 

Foreign  bodies  . 
Loss 


Stick-Lac. 

.     68  . 

10  , 

6  . 

5.5  . 

6.5  . 

4.0  . 

100 


Seed-Lac. 
88.5 

2.5 
4.5 
2.0 

2.5 


100 


Shen-Lne. 

90.9 
0.5 
4.0 
2.8 

1.8 

100 


1652.  Dr.  John  has  announced  the  presence  of  a  peculiar  acid  tnLMcicAcM. 
stick-lac,  which  he  has  called  Laccic  Acid.  The  lac  was  digested  in 
water,  the  solution  evaporated,  and  the  residue  digested  in  alcohol ; 
the  alcoholic  solution  was  evaporated  to  dryness,  and  its  residue  digest- 
ed in  ether.  The  evaporation  of  the  etheric  solution  leaves  a  yellow 
matter,  which,  bejng  again  dissolved  in  alcohol,  and  the  solution  mixed 
with  water,  deposits  a  little  resin,  and  leaves  laccic  acid  in  solution, 
which,  upon  the  addition  of  acetate  of  lead,  gives  a  precipitate  of  lac- 
caie  oj  lead ;  the  latter  compound,  by  cautious  decomposition  by  sul- 
phuric acid,  affords  the  laccic  acid. 

165S.  Laccic  acid  is  crystallizable,  of  a  yellow  colour,  a  sour  taste.  Propertied;. 
and  soluble  in  water,  alcohol,  and  ether.     With  potassa,  soda,  and  lime, 
it  forms  deliquescent  soluble  salts  ;  with  lead  and  mercury  it  produces 
white  insoluble  compounds  ;  it  occasions  no  precipitate  in  the  nitrates 
of  baryta  and  silver. — Thomson's  Sysiem,  ii.  177. 

1654.  Gum  Resins  are  natural  combinations  of  gum  and  resin,  they 
are  consequently  only  partially  soluble  in  water  and  in  alcohol ;  they 
readily  dissolve  in  alcaline  solutions  when  assisted  by  heat ;  and  the 
acids  act  upon  them  nearly  as  upon  the  resins.  Ammoniaeum^ gamboge ^ 
assafiBtiday  and  olibanumy  may  be  taken  as  examples  of  gum  resins. 

1655.  Amber  is  a  substance  which,  in  some  of  its  properties,  resem- 
bles resin  ;  it  is  however,  very  sparingly  soluble  in  alcohol,  and  diffi- 
cultly soluble  in  the  alcalis.  When  submitted  to  distillation,  it  furnishes 
an  acid  sublimate,  which  has  received  the  name  of  succinic  acid^  and 
which,  when  purified  by  repeated  solutions  and  crystallization,  pos- 
sesses the  following  properties  : — 

1656.  It  forms  yeUowish  prismatic  crystals  soluble  in  24  parts  of 
water  at  60^,  and  of  a  slightly  acid  and  nauseous  taste ;  it  is  fusible  and 
volatile  when  heated.  10  lbs.  of  amber  yield  about  3  ounces  of  puri- 
fied succinic  acid.  Along  with  the  succinic  acid  there  dis^lfl  over  a 
quantity  of  volatile  oil,  of  a  light  brown  colour,  used  in  phamiacy  under 


•  Dr.  Pearton  obtained  a  peculiar  actd  from  a  sabsUnoe  called  whitt  lac,  from  Madras. 
H«  has  called  it  laccic  acid.^hii.  2Von#.  1794. 
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the  name  of  Oil  of  Amber,  and  amounting  to  about  one-tkird  in  weight 
of  the  amber  used. 

1657.  SuceinaU  of  Ammonia  forms  acicular  crystals,  which  sabliioe 
when  cautiously  heated.  Its  solution  has  been  used  as  a  test  for  iron, 
the  peroxide  of  which  it  throws  down  from  its  neutral  solutions  b  tjbe 
form  of  a  reddish  brown  precipitate. 

1668.  Succinate  of  Potasea  is  a  yery  soluble  deliquescent  salt,  crfh 
tallizable  with  difficulty  in  small  prisms. 

1669.  Succinate  of  Soda  forms  transparent  four  and  six-sided  prison, 
considerably  less  soluble  than  the  preceding,  and  permanent  in  the  air. 

1660.  Succinate  of  Lime  forms  permanent  and  difficulty  solobie 
crystals. 

1661.  Succinate  of  Baryta  is  formed  by  adding  succinate  of  ammo- 
nia to  muriate  of  baryta.  A  portion  is  thrown  down  in  a  pulrenilent 
form,  and  a  part  in  smaU  crystalline  grains. — Buoman. 

1662.  Succinate  of  Strontia  may  be  formed  as  the  preceding,  and 
presents  similar  .properties.     It  bums  with  a  fine  red  flame. 

1663.  Succinate  of  Magnesia  is  deliquescent  and  uncrystallizable. 

1664.  Succinate  of  Manganeee  has  been  examined  by  Dr.  John 
(Gehlen's  Joumaly  iy.)  It  is  crystalUzable,  and  of  a  slight  red  ^s^  \ 
it  consists  of  30.27  protoxide  of  manganese  -f-  69.73  acid  and  water. 
The  theoretical  constitution  of  succinate  of  manganese  is 

60  acid 
36  oxide, 
so  that  the  aboye  salt  is  probably  a  bi*succinate. 

1666.  Succinate  of  Iron.  The  protosuccinaie  is  crystaflizable  and 
soluble ;  the  persuccinate  is  insoluble,  and  is  thrown  down  io  the  form 
of  a  brownish  red  flaky  precipitate  from  solutions  of  the  peroxide  of 
iron.  This  salt  has  been  proposed  as  a  means  of  separating  iron  in 
analysis,  but  is  quite  inapplicable  in  the  greater  number  of  cases. 

1666.  Succinate  of  Zinc  furnishes  long  slender  crystals,  which haye 
not  been  examined. 

1667.  Succinate  of  Tin,  The  succinic  acid  dissohres  protoxide  o( 
tin,  and  forms  with  it  thin  bro^d  transparent  crystals. 

1668.  Succinate  of  Copper.  There  appear  to  be  two  yariedes  of 
this  salt,  a  super-succinate  and  a  sub-succinate.  TFor  details  respect- 
ing seyeral  of  the  succinates,  the  reader  is  referred  to  Wehzsl^s  LeKrt 
der  Ferwandtschaft  der  Korper  ;  and  to  GreIv,  Handbuck,  iii.  19.) 

1669.  Succinate  of  Lead.  When  succinic  acid,  or  succinate  of  am- 
monia, is  added  to  acetate  of  lead,  a  white  precipitate  of  suainate  of 
load  falls,  composed,  according  to  Berzelius,  of 

Succinic  acid „  30.9 

Protoxide  of  lead 69.1 

100. 

These  numbers  give  50  as  the  representative  of  succinic  acid,  asd, 
considering  the  succinate  of  lead  as  composed  of  1  proportion  ol' 
each  of  its  components,  it  will  consist  of 

Succinic  acid  '. 60 

Protoxide  of  lead 112 

162 


SILTS   OF  MORPHIA.  489 

The  Temaioing  saccinates  are  not  of  sofficient  importance  to  re- 
quire enumeration. 

1670.  The  resins  are  applied  to  a  variety  of  usefal  purposes  ;  and 
dissolved  in  alcohol  and  oils  they  constitute  the  different  varni$ke9. 


Section  XV.    J>fareotic  Principles. 

1671.  The  substance  to  which  t)ie  narcotic  power  of  opium  is  re- 
ferable, has  been  examined  with  much  attention  by  M.  Serteumer ;  he 
faas  termed  it  morphia. 

Morphia  may  be  obtained  from  powdered  opium  by  triturating  it  into 
a  paste  with  dilute  acetic  acid :  pour  caustic  ammonia  into  the  filtered 
solution,  and  evaporate  ;  during  the  evaporation  a  brownish  substance 
separates,  which,  by  digestion  in  a  small  quantity  of  cold  alcohol,  be-     ' 
comes  nearly  colourless,  and  is  pure  morphia. 

Morphia  is  sparingly  soluble  in  water,  but  readily  soluble  in  alcohol 
and  in  ether,  from  which  it  may  be  ebtainedin  quadrangular  and  octoe- 
drai  crystals.  It  is  highly  poisonous  and  narcotic,  even  when  adminis- 
tered in  very  small  doses ;  it  is  fusible  and  combustible. 

Morphia  appears  in  some  respects  to  possess  the  {M'operties  of  an 
alcali ;  it  reddens  turmeric,  and  fi>rms  crystallizable  compounds  with 
the  acids. 

1672.  Nitrate  of  Morphia  forms  acicular  crystals,  soluble  in  1.5  of 
water,  at  60». 

1673.  Sulphate  of  Morphia  crystallizes  in  prisms,  soluble  in  two 
parts  of  water,  at  60<*,  and  composed,  according  to  Pellftier  and  Ca- 
▼entou  {Journal  de  Pharmacie^  v.)  of 

1 1  Sulphuric  acid. 
89  Morphia. 

100 

1674.  CarhonaU  of  Morphia  forms  prismatic  crystals,  soluble  iA4 
parts  of  water,  at  60^^  and  containing,  according  to  Choulant  {Annate 
ofPkil.  xiu.) 

28  Carbonic  acid. 
22  Morphia. 
60  Water. 

100 

These  salts  have  a  bitter  taste,  and  are  decomposed  by  ammonia} 
they  have,  however,  been  but  imperfectly  examined. 

1676.  In  opium  morphia  is  said  to  be  combined  with  a  peculiar  acid, 
which  has  been  called  the  meconic  acid,  and  this  combination  is  decom* 
posed  by  the  action  of  ammonia  in  the  preparation  of  morphia.        ^ 

The  foUowii^  process  is  said  to  afford  pure  meconic  acid :   Boil  m-K«to&i«  i 
fusion  of  opium  with  magnesia,  and  digest  the  precipitate  in  dlniAol ; 
meconiau  of  magnciia  remins :  dissolve  thjis  io  4Uute  salp^uric  acid,, 

3  T    . 
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and  add  muriate  of  baryta,  a  precipitate  blls,  composed  of  «ulpl^? 
and  nueoniaU  of  baryta ;  ^est  this  in  dilate  sulphuric  acid,  which  de- 
composes the  meconiate  :  filter  and  evaporate,  till  brown  crystals  (h 
impure  meconic  acid  are  deposited  ;  dry  these  crystals,  and  then  heat 
them  carefully  in  a  retort,  to  sublime  the  meconic  acid.  White  cry*- 
tals  are  thus  obtained,  which  fiise  ,at  thO^^  and  sublime  without  decosi- 
position ;  they  are  sour,  and  very  soluble  in  water  and  alcohol. 

1676.  Mtconiatt  of  Ammonia  forms  stellated  crystals,  solable  is 
1.5  parts  of  wat^r,  at  60^,  and  composed,  according  to  Choulant,  of 

42  Ammonia. 
40  Meconic  acid. 
18  Water. 

100 

1677.  MteofUaU  of  Potat$a  forms  four-sided  tables,  soluble  in  - 
.  parts  of  water  at  60*,  and  composed  of 

60  Potassa. 

27  Meconic  acid. 

13  Water. 

100 

1678.  Meconiate  of  Soda  forms  eflSorescent  prismatic  crystals,  solu- 
ble in  6  parts  of  water  at  60^,  and  composed  of 

40  Soda. 

32  Meconic  acid. 

28  Water. 

100 

1679.  Meeoniaie  of  lAme  affords  prismatic  crystals,  solable  in  8  parts 
of  water  at  60«»  and  consisting  of 

42  Lime. 
34  Acid. 
24  Water. 

100 

The  equivalent  number  of  meconic  acid,  deduced  from  the  moan  of 
the  above  analyses,  by  Choulant,  will  be  about  23. 

1680.  MM.  Pelletier  and  Caventou,  in  analyzing  the  bean  &f  St^k- 
stiTthiiiM.    fiah'tw  (JStrycknasJgnatia),  and  the  vomica  nut  (Strychnos  nux  wwiMoJt 

discovered  in  them  a  peculiar  principle,  which  they  have  termed 
Stryckniney  and  which,  like  morphia,  possesses  alcaline  properties. 
The  following  is  their  process  for  obtaining  it :  Digest  the  raspings  of 
the  bean  in  sulphuric  ether,  which  separates  a  green  oUy  flmd  ;  p^vr 
this  off,  and  treat  the  refiodnum  with  alci^ol ;  Ster  the  latter  sobtion 
ydien  cold,  and  evaporate ;  it  leaves  a  broWn  bitter  substance,  sohibte 
m  water  and  alcohol ;  to  its  strong  aqueous  solution  add  a  solution  of  po- 
tassa, which  causes  aptecipitate^  irhtch,  when  wtthed  with  aKttle  coM 
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water,  is  white,  crystalline,  and  very  bitter.  If  not  quite  pure,  it 
may  be  rendered  so  by  solution  in  acetic  acid,  and  precipitation  by  po- 
tassa. 

1681.  Strychnine,  or  Strychnia^  is  nearly  insoluble  in  water  ;  it  dis- 
eolres  in  alcohol,  and  the  solutions  are  intensely  bitter  and  poisonous. 
It  reproduces  the  blue  of  vegetable  colours  reddened  by  acids.  It 
crystallizes  in  small  quadrangular  prisms  ;  it  has  no  smell,  and  is  nei- 
ther fusible  nor  volatile,  but  is  decomposed  at  sdiout  600^  into  pro- 
ducts consisting  of  oxygen,  hydrogen,  and  carbon. 

1682.  The  SaiU  of  Strychnia  are  decomposed  by  potassa,  soda,  am- 
monia, baryta,  strontia,  and  magnesia,  the  base  being  thrown  down ; 
most  of  the  other  metallic  salts  are  decomposed  by  strychnia,  and  with 
some  it  forms  triple  salts. 

1683.  Sulphate  of  Strychnia  forms  cubic  crystals,  soluble  in  about 
10  parts  of  water  at  60»  ;  its  taste  is  bitter,  and  it  is  decomposed  by 
the  alcalis.     It  consists  of 

Sulphuric  acid 9.5 

Strychnia 90.6 


100. 


1684.  Muriate  of  Strychnia  crystallizes  in  acicular  prisms  more 
soluble  than  the  sulphate. 

1686.  Nitrate  of  Strychnia  is  formed  by  digesting  excess  of  strychnia 
in  very  dilute  nitric  acid ;  it  yields  stellated  ciystals,  which  acquire  a 
red  colour  by  the  action  of  sulphuric  acid.  Nitric  acid  poured  upon 
strychnia  or  its  salts  produces  a  deep  red  colour* 

1686.  The  discoverers  of  strychnia  assert  that  it  exists  in  the  above- 
mentioned  seeds,  combined  with  a  peculiar  acid,  somewhat  resembling 
the  malic,  but  susceptible  of  crystallization  ;  they  have  calted  it  Iga- 
suric  Acid^  and  the  poisonous  principle  existing  in  the  seeds,  appears 
to  be  an  igaturate  of  ttrychnia, 

1687.  Brucine,  This  term  has  been  applied  to  a  peculiar  alcaline 
substance,  obtained  from  Augustura  bark,  by  the  above-named  che- 
mists. Its  properties,  as  far  as  they  have  been  investigated,  are  de- 
scribed in  the  Annates  de  Chitnie  (xii.  p.  113.)  and  in  the  Quarterly 
Journal  of  Science  and  the  Arts  (ix.  189^. 

1688.  Delphine  is  an  alcaline  principle,  discovered  by  MM.  Las- 
saigne  and  FeneuUe  in  the  seeds  of  stavesacre  (^Delphinium  Slaphysag- 
ri o).  They  obtained  it  by  the  following  process  :  The  seeds,  depriv- 
ed of  their  husks,  were  boiled  in  distilled  water,  the  decoction  filtered, 
boiled  with  a  portion  of  pure  magnesia,  and  re-filtered ;  the  residue 
upon  the  filter  was  then  boiled  with  highly  rectified  alcohol,  by  which 
the  alcali  was  separated  and  obtained  by  evaporation  in  the  form  of  a 
white  pulverulent  substance. 

Delphine,  when  pure,  appears  crystalline  in  its  moist  state ;  its 
taste  is  bitter  and  acrid  ;  when  heated,  it  melts,  and  on  cooling  becomes 
brittle  like  resin  ;  it  is  sparingly  soluble  in  water,  but  readily  soluble 
in  alcohol  and  ether ;  it  renders  the  blue  of  violets  green,  and  forms 
very  soluble  salts  with  the  acids,  from  which  the  alcalis  precipitate 
delphine  in  a  white  gelatinous  state. — Annates  de  Oiimie  et  Phys.,  xii. 
358. 
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Section  XVI.  Bitutiuniy  coaly  •(•£. 

1689,  BiTUVCve  are  fosnle  substances,  beariDg  considerable  re- 
semblance to  oily  and  resinous  bodies*  The  chemical  habitudes  of  se- 
Teral  of  these  substances  have  been  ably  investigated  by  Mr.  Hstcbeti 
(Phdl.  Trant,^  1804.)    The  foUowing  are  the  principal  varieties  : 

a.  Naphtha  is  a  pungent,  odoriferous,  oily  liquid,  either  coloarfen 
ot  of  a  pale  brown  tint,  found  upon  the  borders  of  the  Caspian  Sea, 
and  in  certain  springs  in  Italy,  it  u  considerably  lighter  than  water, 
volatile,  and  highly  inflammable.  When  pure  it  appears  to  contain  no 
oxygen,  and  hence  is  employed  for  the  preservation  of  potassaam,  and 
the  oUier  highly  ojddable  metals.  It  consists,  according  to  Sanssnre, 
of 

Caibon 87.21 

Hydrogen 12.t9 

100. 

h.  Petroleum  has  most  of  the  properties  of  naphtha,  but  is  less  fluid, 
and  darker  coloured.  In  the  countries  where  it  abounds,  it  is  employ- 
ed for  burning  in  lamps. 

c.  Mineral  Tar  appears  to  be  petroleum  further  inspissated,  h  if 
more  viscid,  and  of  a  deeper  colour. 

d.  Maliha,  or  Mineral  Pitchy  is  a  soft  inflammable  substance,  heavier 
than  water,  and  may  be  considered  as  derived  from  the  exsiccatioD  of 
mineral  tar. 

e.  Agphahum  is  found  abundantly  on  the  shores  of  the  Dead  Sea,  io 
Albania,  and  in  the  island  of  Trimdad.  Its  colour  is  brown  or  black ; 
it  is  heavier  than  water,  and  readily  soluble  in  naphtha. 

/.  Elastic  Bitumen^  or  Mineral  CaouicfumCy  is  found  only  in  the  rki- 
nity  of  Castleton  in  Derbyshire.     It  is  fusible  and  inflammable. 

g.  Mineral  Adipoeere  is  a  fatty  matter  found  in  the  aigiliaceoos  iroo 
ore  of  Merthyr :  it  is  fusible  at  about  180^,  and  inodorous  wlieo  cold, 
but  of  a  slightly  bituminous  odour  when  heated,  or  after  fosum. 

The  above  substances  are  insoluble  in  water,  and  difficahly  soluble 
in  alcohol,  with  the  exception  of  naphtha  and  petroleum,  wldch  are 
soluble  in  highly-rectified  alcohol. 

fc.  Retinasphaltum  is  a  substance  which  accompanies  the  Bovcy 
Coal  of  Devonshire.  It  was  first  analyzed  by  Mr.  Hatchett,  wlw 
found  it  to  consist  of 

55  Resin. 
41  Asphaltum. 
4  Earthy  matter  and  loss. 

t.  Pit  Coal.  There  are  three  chemical  varieties  of  this  importan: 
substance.  The  first,  or  irot^n  coal^  retains  some  remains  of  the  ve- 
getables from  which  it  has  originated.  When  heated  it  exhales  a  bittt- 
roinous  odour,  and  bums  with  a  clear  flame.  It  is  generally  of  a  loogh 
consistency  and  yields  according  to  Mr.  Hatchett,  a  portion  of  uoalter 
ed  vegeUble  extract,  and  resin. 
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The  second  yariety,  or  black  cod,  is  the  ordinary  fuel  of  this  com)- 
tr^.  tt  exhibits  no  traces  of  vegetable  origin,  and  consists  priiicipally 
of  bitamen  and  charcoal,  Fn  variable  proportions.  When  exposed 
to  heat,  it  swells,  soAens,  and  burns  with  a  bright  flame,  leaving  a  small 
quantity  of  ashes.  Many  varieties,  however,  abound  in  earthy  matter, 
and  these  produce  copious  cinders,  and  bum  with  a  less  intense  heat. 

The  products  of  the  destructive  distillation  of  this  kind  of  coal  have 
been  already  described  (431).  The  residue  is  a  hard  sonorous  chiar-' 
coal,  termed  coke^  and  containing  the  earthy  ingredients  of  the  coal. 

The  third  variety,  or  glance  coal^  consists  almost  entirely  of  char- 
coal, and  earthy  matter.  It  bums  without  flame,  and  when  distilled 
produces  scarcely  any  gaseous  matter. 

k.  Peat  and  Titrf  consist  principally  of  the  remains  of  vegetables, 
having  undergone  comparatively  little  change.  They  often  contain 
bituminous  wood,  and  branches  and  trunks  of  trees. 

/,  Melinite^  or  Honeysioney  is  a  rare  substance,  found  in  the  browa 
coal  of  Thuringia  and  in  Switzerland.  It  is  of  a  honey  yellow  colour, 
crystallized  in  octoedra,  and  when  analyzed  by  Klaproth,  was  found  to 
consist  of  alumina  combined  with  a  peculiar  body  which  has  been  call- 
ed the  fnellitic  acid, — ^Klaprotb's  Essays^  ii.  89.  VAU<;iUELiir.  An- 
nales  de  Chimiey  xxxvi.  203. 


Section  XVII.     VegetahU  Acids. 

1690.  Tbe  following  are  the  principal  acids,  which  are  found  rea- 
dy formed  in  v^etable  products  : 

1.  Tartaric  acid.  4.  MaHc  acid. 

2.  Oxalic  acid.  6.  Gallic  acid. 

3.  Citric  acid.  6.  Benzoic  acid. 

i.  Tartaric  Acid. 

1691.  This  acid  exists,  in  several  vegetable  substances  ;  it  is  otie  of 
the  sour  principles  of  many  fruits,  and  is  said  to  be  abundant  in  the 
potatoe-apple.     Tartaric  aad  is  generally  obtained  from  the  bi-tarirate  ^^l^^  ^ 
ofpotoita.     Mix  100  parts  of  this  salt  in  fine  powder  with  30  of  pow- 
dered chalk,  and  gradually  throw  the  mixture  into  10  times  its  weight 

of  boiling  water :  when  the  liquor  has  cooled,  pour  the  whole  upon  a 
linen  strainer,  and  wash  the  white  powder  which  remains  with  cold 
water :  this  is  a  tartrate  of  lime  ;  difiuse  it  through  a  sufficient  quantity 
of  water,  add  sulphuric  acid  equal  in  weight  to  the  chalk  employed, 
and  occasionally  stir  the  mixture  during  24  hours ;  then  filter,  and 
carefully  evaporate  the  liquor  to  about  one -fourth  its  original  bulk ; 
filter  again,  and  evaporate  with  much  care  nearly  to  dryness  ;  re-dis- 
solve the  dry  mass  in  about  6  times  its  weight  of  water,  render  it  clear 
by  filtration,  evaporate  slowly  to  the  consistency  of  syrup,  and  set  aside 
to  crystallize.  By  two  or  three  successive  solutions  and  crystalliza- 
tions, tartaric  acid  will  be  obtained  in  colourless  crystals,  soluble  in  6 
parts  of  water  at  60^.    According  to  Berzelius,  the  crystals  contain 
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11.25  per  cent,  of  water.  The  aqueous  solution  of  tartaric,  in  com- 
mon with  the  other  vegetable  acids,  soon  becomes  mouldy,  and  sufien 
decomposition. 

1692.  When  tartaric  acid  is  submitted  to  destructive  distiUatioo,  it 
affords  a  brown  acid  liquor  which  has  been  termed  pyroUtrtarous  acid, 

1693.  According  to  Berzelius,  the  tartrate  of  lead,  which  is  an  inso- 
luble salt,  and  easily  formed  by  adding  tartaric  acid  to  a  solution  of  ni- 
trate of  lead,  consists  of 

Tartaric  acid 100 

Otideoflead 167 

And  regarding  this  salt  as  composed  of  1  proportional  of  acid  and  1  of 
oxide,  we  obtain  the  number  67.0  as  the  representative  of  tartaric 
acid,  for 

167  :   100  :  :   112  :  67.0 

1694.  Tartaric  acid  combines  with  the  metallic  oxides,  and  pro- 
duces a  class  of  salts  called  tartrates^  the  composition  of  which  will  he 
obvious  from  the  preceding  datum. 

1695.  Tartrate  of  ammonia  forms  very  soluble  prismatic  crysisls,  of 
a  cooling  taste.  The  addition  of  tartaric  acid  to  its  aqueous  solution 
produces  a  precipitate  of  a  difficultly  soluble  bi-tar(raie  of  anoiDonia. 

1696.  Tartrate  of  Potaaa  is  formed  by  saturating  the  excess  of  add 
in  tartar,  by  potassa.  According  to  Mr.  Richard  Phillips  (/Smarb  •« 
the  PharmacopcBta,)  100  parts  of  tartar  require  43.6  of  carbonate  of 
potassa.  The  resulting  salt  is  soluble  in  less  than  twice  its  weight  of 
water  ;  it  crystallizes  in  four-sided  prisms,  and  consists  of 

1  proportional  acid =    67. 

1  ......  .  potassa =    4B. 

Tartrate  of  potassa s=  115. 

This  salt  is  used  in  pharmacy  as  an  aperient ;  it  is  the/wteise  tartras 
of  the  Pkarmacopcsia,     Its  taste  is  saline,  and  somewhat  bitt^. 

.  1697.  Bitartrate,  or  SupertartraU  of  potassa.  Tartar.  This  sub- 
stance exists  in  considerable  abundance  m  the  juice  of  the  graipe,  and 
is  deposited  in  wine  casks,  in  the  form  of  a  crystallized  incrustation, 
called  argolj  or  crude  tartar.  It  is  purified  by  solution  and  crystaHyiza- 
tion,  which  renders  it  perfectly  white  :  when  in  fine  powder  it  is  tenn- 
ed  cream  of  tartar. 

It  may  also  be  formed  by  adding  excess  of  tartaric  acid  to  a  solutioD 

of  potassa.  The  mixture  presently  deposits  crystalline  grains,  and  fiir- 

nishcs  a  striking  example  of  the  diminution  of  solubility  by  increase  of 

7^T^^  '^'^acid  in  the  salt.  Upon  this  circumstance  the  use  of  tartaric  acid  as  a  test 

•I!   ^  ^     for  potassa  depends,  for  soda  forms  an  easily  soluble  sopertartrate  and 

consequently  affords  no  precipitate.  (678) 

Bi-tartrate  of  potassa  is  composed  of 

2  proportionals  of  acid.  .  ae  134 
1  proportional  of  potassa  =     48 

Bi-tartrate  of  potassa  =182 
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This  salt  requires  120  parts  of  water  at  60<',  and  30  parts  at  £12^ 
for  its  solution. 

When  exposed  to  heat,  tartar  fuses,  hlackens,  and  is  decomposed  : 
and  carbonate  of  potassa  is  the  remaining  result  (569).  Provided  the 
tartar  be  free  from  lime,  which  however  is  seldom  the  case,  this  fur- 
nishes a  good  process  for  obtaining  pure  carbonate  of  potassa.  The 
aqueous  solution  of  tartar  becomes  mouldy  when  exposed  to  air,  and 
the  tartaric  acid  being  entirely  decomposed  leaves  a  weak  solution  of 
carbonate  of  potassa. 

The  component  parts  of  tartar  render  it  an  excellent  flux  in  the  re-  p i„x, 
duction  of  metallic  ores  upon  a  small  scale,  its  alcali  promoting  their 
fusion,  and  the  carbonaceous  matter  tending  to  reduce  the  oxides. 

1698.  Tartrate  of  Potasta  an4  Ammonia  is  formed  by  saturating  the 
excess  of  acid  in  tartar  with  ammonia.  It  effloresces  and  loses  ammo- 
nia by  exposure  to  air. 

1 799.  Tartrate  of  Soda  forms  acicular  crystals  soluble  in  their  own 
weight  of  water.  Tartaric  acid,  added  to  their  solution,  forms  a  su- 
pertartrate  of  $oda^  much  more  soluble  than  the  corresponding  salt  of 
potassa. 

1700.  Tartrate  of  Potassa  and  Soda  is  prepared  by  saturating  the 
excess  of  acid  in  tartar,  with  carbonate  of  soda  ;  it  is  the  soda  tartari-  ' 
zaia  of  the  Pharmacoposia ;  it  forms  irregular  prismatic  crystals.  It 
has  long  been  used  in  pharmacy  under  the  name  of  Rochelle  Salt  and 
Set  de  Seignette.  According  to^  Vouquelin's  analysis  (Fourcrot's  Con- 
naiisanees^  yii.  240.)  this  salt  consists  of  64  tartrate  of  potassa  +  46 
tartrate  of  Eodaper  cent, :  these  numbers  i^ee  with 

2  proportionals  of  acid  .  .  s=  134 
1      '    ■  potassa   ==    48 

1  soda.  .  c=    32 
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1 701 .  Tartrate  of  lAme  is  nearly  insoluble  in  cold  water,  but  soluble 
in  600  parts  of  boiling  water  ;  it  is  produced  by  adding  chalk  to  tartar, 
as  in  the  process  for  obtaining  tartaric  acid,  where  it  is  decomposed  by 
sulphuric  acid. 

1 702.  Tartrate  of  Potassa  and  Ldme  may  be  formed  by  adding  lime- 
water  to  solution  of  supertartrate  of  potassa,  till  it  begins  to  become 
turbid :  in  a  few  days  acicular  crystals  of  the  above  triple  salt  are  de- 
posited, which  effloresce  when  exposed  to  air. 

1703.  Tartrate  of  Baryta  is  a  difficultly  soluble  salt. 

1 704.  Tartrate  of  Strontia  is  thrown  down  on  mixing  the  solutions  of 
tartrate  of  potassa  and  nitrate  of  strontia.  It  dissolves  in  rather  more 
than  300  parts  of  boilii^  water,  and  forms  small  crystals  as  the  solution 
cooLiw' 

1 705.  Tartrate  of  Magnesia  is  precipitated  from  the  sulphate  by  tar- 
taric acid :  it  is  soluble  in  excess  of  tartaric  acid,  and  forms  a  crystalU- 
zable  salt. 

1706.  T\Mrirate  of  Manganese,  formed  by  dissolving  protoxide  of 
manganese  in  tartanc  acid,  is  a  soluble  salt,  and  therefore  not  produced 
by  ending  tartaric  acid  or  a  neutral  tartrate  to  protomuriate  or  proto- 
sulphate  of  manganese. 

1707.  Tartrate  of  Iron.    Both  the  tartrates  of  iron  are  easBy  solu- 
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ble,  and  no  precipit^e  b  formed  by  tartaric  acid,  or  by  tartrate  of  po- 
tassa,  in  solutions  of  iron. 

1708.  Tartrate  of  Iron  and  Potassa.  This  is  the  Ferrum  tdrtarm- 
turn  of  the  Pharmacopeia,  but  it  is  most  conveniently  employed  as » 
medicine  in  solution,  which  may  be  formed  by  digesting  1  part  of  soft 
iron  filings  with  4  of  tartar;  this  mixture  should  be, made  into  a  thia 
paste  with  water,  and  digested  for  some  weeks,  tiU  the  acid  is  neutra- 
lized, fresh  portions  of  water  being  occasionally  added  to  preFest 
exsiccation.  The  solution  of  this  compound,  which  contains  the  iron 
in  the  state  of  peroxide.  Is  possessed  of  some  curious  properties,  6ni 
pointed  out  by  Mr.  R.  Phillips. — Experimental  Examination  of  tk 
igondon  Pharmacopaia,  98. 

1709.  Tartrate  of  Zinc  is  formed  by  adding  tartrate  of  potassa  to 
snlphate  of  zinc,  and  appears  to  be  a  very  difficultly  soluble  compound. 

1710.  Tartrate  of  Tin,  Tartrate  of  potassa  occasions  a  white  pre- 
cipitate in  the  protomnriate  and  permuriate  of  tin. 

1711.  Tartrate  of  Potatsa  and  Tin  is  formed  by  boiling  the  oxide  in 
solution  of  tartar ;  it  is  very  soluble,  and  the  addition  of  alcalis  asd 
their  carbonates  occasion  no  precipitates. — Thenard,  Annates  deCkim. 
xxzviii. 

1712.  Tartrate  of  Copper  is  produced  by  adding  tartaric  acid  to  id- 
phate  of  copper.     It  forms  bluish-green  crystals. 

1713.  Tartrate  of  Potassa  and  Copper  is  formed  by  boiling  oxide  of 
copper  and  tartar  in  water ;  the  solution  yields  blue  crystals  on  evapo- 
ration ;  or  if  boiled  to  dryness,  furnishes  one  of  the  pigments  called 
Brunswick  green. 

1714.  Tartrate  of  Lead  is  thrown  down  in  the  ibno  oi  an  insolable 
white  powder  on  adding  tartaric  acid  to  solution  of  nitrate  of  lead.  Its 
composition  has  alrea^  been  adverted  to  (1693). 

1715.  Tartrate  o/*  Potassa  and  Lead  is  formed,  according  to  The- 
nard,  by  boiling  a  mixture  of  tartar  and  oxide  of  Wad  in  water.— iSa^ 
naUs  de  Chim,^  xxxviii. 

1716.  Tartrate  of  Antimony  has  not  been  examined. 

1717.  Tartrate  of  Antimony  and  Potassa.  Emetic  Tartar.  This 
compound  may  be  obtained  by  boihng  protoxide  of  antimoDy,  obtaiaed 
by  any  of  the  processes  formerly  described  (907)  with  pure  sopertar" 
trate  of  potassa.  It  is  the  antimonium  tartarizatvm  of  the  Lotsdon 
Pharmacopma. 

Emetic  tartar  may  be  prepared  by  boiling  a  solution  of  100  parts  of 
tartar  with  100  parts  of  finely  levigated  glass  of  antimony,  or  of  the 
protoxide  described  above  (907)  ;  the  ebullition  should  be  continaed 
lor  half  an  hour,  and  the  ffltered  liquor  evaporated  to  about  half  iti 
bulk,  and  set  aside  to  crystallize  :  octoedral  and  tetraedral  crystals  of 
the  emetic  salt  are  thus  obtained  ;  and  there  is  generally  formed  a)oi% 
with  them  a  portion  of  tartrate  of  lime  and  potassa,  which  is  deposited 
in  small  tufb  of  a  radiated  texture,  and  which  may  easily  be  separated 
when  the  mass  is  dried. 

Mr.  Phillips,  in  his  Elxperimental  Examination  of  the  London  Pk^- 
mocopcBta,  has  stated  several  facts  respecting  the  formation  of  this  salt> 
which  wiU  be  (bund  useful  to  the  manufacturer. 

Emetic  tartar  is  a  white  salt,  slightly  e£Qorescent,  soluble  in  about 
14  parts  of  cold  and  2  parts  of  boiling  water.  It  is  decomposed  bj  the 
alcalii,  and  when  heated  with  ammonia,  a  portion  of  protoxide  ^  v* 


timoiiy  if  thrown  dowti,  and  a  very  iidkible  eoiti|>otind  remaittd  iti  the 
liqaor.  Sulphuretted  hydrogen  and  hjdroflnlphuret  df  ammonia  |>rc« 
duce  orange-coloured  precipitates  in  its  eolation,  it  i^  decoibpbsed  by 
bitter  and  astringent  vegetable  infusions,  but  they  do  tiot  tender  it  iri- 
active  38  a  medicine.  Mr.  Phillips  has  shown  that  etnetic  tartar  cob* 
flists  of  100  supertartrate  of  potassa  -^  6d  protoxide  of  atiktimony^  If 
ive  consider  it,  with  Dr,  Thomson,  [Sifstem^  ii.  670.)  as  a  eoihpound  of 
!e  proportionals  of  tartaric  acid,  2  of  protoside  of  dntiinonjr,  and  1  of 
potassa ;  or  as  containing  1  proportions^  of  tartrate  of  potaSsA  ^d  1  of 
fiubtattrate  of  antimdny,  its  components  will  stand  thus  : 

Tartaric  acid 67  X  2  =  134 

Protosade  of  antimony  .  56  X  2  sst  us 
Potassa ,...«*..    s=    48 
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1718.  Tartrate  of  BipfMOk  has  not  been  exa^uned,  bnt  moist  oxidq, 
pf  bismuth  boiled  with  tartar  forms  a  difficultly  soluble  triple  salt. 

1719.  Tartrate  oj  CohaU,  Tartrate  of  potassa  forms  no  precipitate 
in  solutions  of  cobf^t,  but  their  colour  is  muoh  heightened  by  it. 

1720.  TartraU  of  Uramwni»  a  very  soluble  salt,  not  easUy  crystal* 
Usable. 

1721.  Tartrate  of  TUaniwni  appears  to  be  a  soluble  compound. 

1722.  Tartrate  of  Cerium,  according  to  Hisinger  and  Berzelius,  is 
formed  by  adding  tartrate  of  potassa  to  .sulphate,  nitrate,  or  muriate  of 
cerium.  It  is  a  soil  tasteless  powder,  soluble  in  nitric,  muriatic,  and 
sulphuric  acids,  and  in  die  alcalis. 

1723.  Tartrate  of  Nickel^  formed  by  digesting  mobt  oxide  of  nickel 
in  tartaric  acid,  is  a  yery  soluble  salt ;  tartaric  acid  occasions  no  preci- 
pitate in  the  soluble  salts  of  nickel. 

1724.  Tartrate  of  Mercury.  Tartaric  acid  occasions  white  precipi^ 
tates  in  all  the  solutions  of  oxide  of  mercury  not  containing  excess  of 
a^id. 

1725.  Tartrate  of  Pi>tiueaarkd  Mercury  i%  formed,  according  to  The- 
oard,  by  adding  solution  of  tartar  lo  nitrate  of  mercury. 

1726.  Tartrate  (/  Silver^  Tartaric  acid  occasions  no  change  in  ni- 
trate of  silver,  but  tartrate  of  potassa  forms  a  white  precipitate,  whiofa 
is  probably  a  tartrate  of  silver. 

1727.  Tartrate  of  Silver  and  Potassa  is  thrown  down  by  adding  tar-* 
tar  to  nitrate  of  silver. 

1728.  Tartrate  of  Mumina  it  a  soluble  nncrystalliauible  compound  ojf 
an  sistringent  flavour.  , 

ii.    Ox^uc  Acid. 

1729.  This  acid  is  found  in  some  fruits,  and  in  considerable  quantity 
in  the  juice  of  the  Oxalis  Aceto^eUa^  or  'wood-sorrel^  and  in  the  varieties 
of  rhiAarb.  It  is  most  readily  procured  by  the  aption  of  nitric  acid 
upon  sugar,  and  has  hefice  been  termed  acid  of  sugar. 

It  may  be  obtained  by  introducing  into  a  retort  4  ounces  of  nitric  aci4 
diluted  with  2  of  water  and  1  ounce  of  white  sugar ;  nitric  oxide  gas  is 
copiously  evolved,  and  when  the  sugar  has  dissolved,  about  one-third  of 
the  acid  may  be  distilled  over :  the  contents  of  the  retort  are  th^  empr 
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tied  into  a  shaUow  yessel,  and  in  the  coarse  of  two  or  three  Smj%  aa 
•bundant  crop  of  white  crystals  is  deposited,  and,  upon  further  ^▼^P^* 
ration  of  the  mother-liquor,  a  second  portion  is  obtained.  The  ^'^ 
cryaCalline  produce  is  to  be  re«dissol  ved  in  water,  and  again  cryatalte^, 
by  which  the  pure  kcid  is  obtained.  In  this  way  sugar  yields  ra&« 
more  than  half  its  weight  of  oxalic  acid. 

1730.  Oxalic  acid  thus  procured  is  in  the  form  of  four-sided  pnflBis, 
transparent,  and  of  a  very  acid  taste  :  they  dissolve  in  two  parU  ol 
water  at  60**,  and  in  their  own  weight  at  212<*.  When  carefully  dried, 
they  fiill  to  powder,  and  lose  more  than  one-third  of  their  weighty  be- 
iog  conqposed,  according  to  Berzelius,  {Ann,  de  Chim.  Ixxxi.)  of 

Real  acid 52 

Water 48 
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1731.  By  repeated  distillation  with  nitric  acid,  oxalic  acid  is  resrfr- 
ed  into  carbonic  acid  and  water ;  and  the  acid  itself,  and  the  satts  cod- 
taining  it,  as  is  the  case  with  the  other  vegetable  acids,  are  decompoa- 
ed  by  heat.  By  distilling  oxalate  of  lime,  Dr.  Thomson  found  Ihe 
acid  resolved  into  five  new  substances ;  namely,  water,  carbonic  acid, 
carbonic  oxide,  carburetted  hydrogen,  and  charcoal ;  and  by  a  very 
elaborate  analysis  of  these  gases,  he  determined  the  compeeition  of  the 
acid  as  fdlows  : 

Oxygen 64 

Carl^n 32 

Hydrogen 4 

100 

which  numbers  do  not  miite  correspond  with  those  given  by  Oay-Lus- 
sac  and  Thenard  (p.  17). 

1732.  The  number  representing  the  oxalic  acid,  founded  upon  Dr* 
Wollaston's  analysis  of  the  binoxalate  of  potassa,  {Phil.  TnM.  1604.) 
and  upon  Berzeiius's  analysis  of  the  oxalate  of  lead,  {Amiaks  dt  Cii- 
mUy  No.  £43.)  is  about  37.7.  According  to  the  latter  chemist,  oxa- 
late of  lead  consists  of  100  oxalic  acid  +  296.6  oxide  of  lead,  and 

296.6  :   100  ::   112  :  57.7 
The  number  deduced  from  the  mean  of  the  best  analyses  of  oxalate 
of  Hme,  is  37.7;  and  accordingly,  38  may  without  material  error  be 
adopted  as  the  representative  number  of  oxalic  acid,  and  the  composi- 
tion of  the  oxalates  will  be  obvious  accordingly. 

1733.  Oxalate  of  Ammonia  is  a  very  useful  test  for  the  presence  of 
lime.  It  crystallizes  in  long  prisms,  of  which  45  parts  require  1000  of 
water  for  their  solution.  Added  to  any  soluble  compound  of  lime  this 
salt  produces  an  insoluble  oxalate  of  lime, 

1734.  Oxalate  of  Potassa  forms  flat  rhomboidal  crystals  soluble  in  3 
parts  of  water  at  60*.  It  consists  of  38  acid  +  48  potassa.  This  salt, 
dissolved  in  oxalic  acid,  produces  the  binoxalate  of  potassa.  which  crys- 
tallizes in  four-sided  prisms,  and  consists  of  2  proportionals  acid  38  X 
2  =  76  4-  48  potassa.  When  this  binoxalate  is  digested  in  dilute  ni- 
tric acid,  a  portion  of  the  alcali  is  taken  up,  and  a  salt  remains,  consist- 
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ing  of  4  proportionals  of  oxalic  acid  38  X  4  =:  152  +  1  psoportibnal 
potassa  ^=:  48.  This  is  the  quadroxalate  of  potassay  and  is  the  salt 
which  exists  in  the  wood-sorreL 

1 735.  Oxalate  of  So4a  is  sparingly  soluble  io  water,  and  separates 
from  its  solution  in  small  crystalline  grains. 

1 736.  Oxalate  of  Lime.  This  compound  is  formed  by  adding  oxalic 
acid  or  oxalate  of  ammonia  to  any  solution  of  lime.  It  is  insoluble  in 
water,  and  in  excess  of  oxalic  acid,  but  dissolves  in  muriatic  and  nitric 
acids  :  hence  in  testing  &cid  solutions  for  Ume  by  oxalic  acid,  or  oxa- 
late of  ammonia,  the  excess  of  acid  should  be  previously  neutralized. 
This  oxalate  consists  of  38  acid  +  28  lime  =  66.  oxalate  of  lime  ;  or  of 

42.74  lime 
57.26  acid 


100.00 


VogePs  analysis  gives 

43.75  lime 
56.25  acid 


100. 
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1737.  The  Oxalates  of  Stronlta,  Baryta^  and  Magnesia,  are  very 
nearly  insoluble,  and  with  most  other  metallic  oxalates  may  be  formed 
by  double  decomposition.  They  consist  respectively  of  one  propor- 
tional of  each  of  their  components. 

1738.  When  black  oxide  of  manganese  and  superoxalate  of  potassa 
are  triturated  together  and  moistened,  carbonic  acid  is  evolved  ;  and  on 
adding  more  water,  and  filtering,  a  red  solution,  containing  oxaUc  acid, 
potassa,  and  deutoxide  of  manganese  is  obtained,  which  afler  a  time  be- 
comes colourless,  and  a  triple  salt  is  formed,  containing  the  protoxide 
ef  manganese. 

1739.  Oxalate  of  Jron.  The  protoxalaU  crystallizes  in  green 
prisms,  and. may  be  foimed  either  by  digesting  the  metal,  or  dissolving 
the  protoxide  in  the  acidi  The  peroxalate  is  thrown  down  from  the  per- 
muriate  or  persulphate  of  iron,  in  the  form  of  a  difficultly  soluble  yel- 
low powder,  which  is  taken  up  again  by  excess  of  oxalic  acid :  hence 
the  use  of  this  acid  in  removing  iron-moulds  which  it  does  without  in- 
imug  the  texture  of  linen. 

1740.  Oxalate  of  Zinc  is  formed  by  adding  oxalic  acid  to  a  soluble 
salt  of  zinc  :  it  is  a  white  powder,  nearly  insoluble. 

1741.  Oxalate  of  Tin  is  formed,  according  to  Bergman,  by  digesting 
the  metal  in  the  acid :  the  solution,  slowly  evaporated,  gives  prismatic 
crystals. 

1742.  Oxalate  of  Cofper.  Oxalic  acid  oxidizes  and  dissolves  cop- 
per. When  oxalic  acid  is  added  to  persulphate  or  pemitrate  of  cop- 
per, a  difficultly  soluble  peroxalate  of  copper  is  thrown  down.  The 
theoretical  composition  of  this  salt  is  1  proportional  peroxide  of  cop- 
per =  80.  +2  of  oxalic  acid  76.  =  156. 

1743.  Oxalate  of  Copper  and  Ammonia.  This,  and  several  other 
triple  oxalates  of  copper,  have  been  described  by  Vogel.    (ScHWEie- 
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«Bit*a  Jawrndli  yii.)  Bj  dig^tiog  pero;»late  x>f  copper  ia  a  solution  of 
fixaUte  ot  wnmonia  and  filteriDg,  rhomboidal  crystals  were  obtained  od 
evaporation,  which  detonate  when  suddenly  heated :  when  alowlj 
lieatad  thaj  mereljr  lose  water  and  ammonia.  From  the  analysis  of 
this  salt  it  evidently  consists  of  2  proportionals  of  oxalate  ef  ammooia, 
I  peroxalate  of  cooper,  and  6  water. 

Dj  digesting  oxalate  of  copper  in  caustic  ammonia,  and  pouring  the 
solution  thus  obtained  into  a  shallow  basin,  it  deposits  flat  six-sided 
pnsms  of  a  blue  colour,  which  effloresce  on  exposure  to  air.  The  os- 
dissolved  portion  of  the  oxalate  also  combines  with  ammonia,  and  pro- 
duces another  distinct  compound.  Dr.  Thomson  has  given  the  follow- 
ing view  of  the  composition  of  these  salts.— S^^em  ii.,  624. 

1st  Sditpeexac    9d<r  SAipgciet.    3d.  Sobtpecies.* 


Oxalic  acid 4  prop.  2 2 

.        Ammonia ^  •  -  •  2  •  •  .  •  .  1 

Peroxide  of  copper  ..«1...  1 1 

Water 6...  2 0 

1 744.  OxahU  ojf  Copper  and  PotasMis  obtained  by  digestiog  percar- 
bonate  of  copper  in  solution  of  binoxalate  of  potassa.  Acicaiar  and 
rhomboidal  crystals  are  formed,  which  Vogel  considers  as  two  distiocl 
»alts.-*-THOM80ff's  System^  ii.,  6^0. 

1746.  Oxalate  of  Copper  and  Soda.  Vogel  has  also  described  two 
subspecies  of  this  salt. — Schweigger's  Journal^  yu.  \  Tuojisoir,  ii.^ 
621. 

1746.  OixakiU  ^  Lead  is  thrown  down  in  crystalline  grsiBS  on  add* 
jng  oxalic  acid  to  nitrate  of  lead.     Its  compositioa  has  already  5e^ 
eUted  (1732). 
,  1747,  Qxalatt  ^Antimony  bos  not  Seen  examined* 

174&.  Oxalate  of  Eismvth  is  deposited  in  crystalline  grwS)  when  so- 
lution  of  oxalic  acid  is  dropped  into  nitrate  of  bismuth. 

1749,  Oxalate  of  Cobalt  is  an  insoluble  red  powdef,  precipitated  hy 
oxalic  ibcid  from  solutions  of  cobalt. 

.17fiO.  OxaUtte  qf  Uramum  is  a  soluble  compound. 

)7£|1.  Oxalate  of  Kiekel  is  thrown  dow^  from  the  pitoite  in  th^ 
tt^rm  of  an  insoluble  green  powder. 

I7d2.  Oxalate  of  Mercury  is  precipitated  from  t^e  nitride  by  oxalic 
flcid.     It  is  scarcelv  soluble,  and  detonates  when  heated. 

1763.  OxalaUoJ Silver  is  an  insoluble  white  powder,  which  bfeckfins 
by  exposure  to  light.  It  is  precipitated  on  ad<Ung  oxalic  acid  to  iiitrate 
of  silver,  and  is  soluble  in  nitric  acid* 

1764.  Oxalate  (^  Alumina  is  easily  formed  by  dissolving  the  newlj 
precipitated  earth  in  oxalic  acid :  it  does  not  crystallize,  but  afonk  op 
ev^>oration  a  gehitinoos  mass,  which  deliquesces  ^n  exppswe. 

1766.  The  oxalic  acid  swallowed  in  large  doses  is  an  active  poison, 

fUd  &tal  cases  are  not  unfrequent  in  which  this  acid  is  taken  bj  mistake 

^hti«»ufot  lor  Epsom  salt.    The  instant  that  the  accident  is  discovered,  a  qwn* 

*****  tity  of  powdered  chalk  diffused  in  warpi  ff^ter  should  |»e  t^eo,  t^ 

¥mititi§  e^tp^  ^  speedily  as  possible^ 
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iii.    Citric  Acid. 


1756.  Citric  acid  is  Ol)taiiied  by  the  foUqwing  process  from  lemon  or 
lime  juice : 

Boil  the  expressed  juice  for  a  few  minutes,  and  when  cold,  strain  it 
through  fine  linen  :  then  add  powdered  chalk  as  long  as  it  produces  ef- 
fervescence, heat  the  mixture,  and  strain  as  before :  a  quantity  of  ci- 
trate of  lime  remains  upon  the  strainer,  which,  having  been  washed  with 
Cold  water,  is  to  be  put  into  a  mixture  of  sulphuric  acid  with  20  parts 
of  water  :  the  proportion  of  acid  may  he  about  equal  to  that  of  the  chalk 
employed.  In  the  course  of  24  hours  the  citrate  of  lime  will  have  anf^ 
fered  decomposition,  and  sulp^te  of  liqie  i^  formed,  which  is  separated 
by  filtration.  The  filtered  liquor,  by  careful  evaporation,  as  directed 
for  tartaric  acid,  furnishes  crystallized  citric  acid. 

The  preparation  of  this  acid  is  carried  on  by  a  few  manufiicturers 
tipox)  an  extensive  scale ;  in  difii^reiit  states  of  purity  it  is  employed  by 
the  calico-printers,  and  used  fpr  domestic  consqmpt^Qn*  Many  circum- 
stances which  haf^  not  here  been  allvded  to,  are  requisite  to  ensure 
complete  success  in  the  operation ;  these  have  been  fully  described  by 
Mr.  Parlies,  in  the  third  volume  of  his  Chemical  Esi^ys.  The  propor- 
tion of  citrip  acid  afforded  by  a  gallon  of  good  lemep-juice,  is  about  B 
ounces. 

1757.  Citric  acid  forms  crystals  of  a  very  sour  taste,  soluble  in  their 
owp  weight  of  water  at  60^,  and  containim,  according  to  Berselius,  100 
real  acid  +  26.5  water,  a  portion  of  which  it  loses  by  exposure  to  heat. 
The  analysis  of  this,  as  well  as  of  the  other  vegetable  acids  given  by 
Ber2elius,  differs  considerably  from  that  of  Gay-Lussac  and  Thenarq, 
in  consequence,  as  it  wquld  appear,  of  the  latter  chemists  having  neg- 
lected the  exclusion  of  water  of  crystaUization.  Berz^Uus  give^  its 
GODs^tuents  as  follow : 

Oxygen  ........    $4,831 

Hydrogen .       3,800 

Carbon 41.369 


100.000 


1758.  From  the  analysis  of  citrate  of  lead,  the  representative  num- 
ber of  citric  acid  appears  to  be  59.4  ;  a  number  which  closely  corres- 
ponds  with  Berzelius's  estimate  of  its  constitution,  which  is 

4  Proportionals  of  oxygen  .  .  .  .  8  X  4  »  3S 

3 hydrogen  .  .  .  1   X  3  =ps    8 

4    ■  .     I  carbon  .  #  .  .  6  JC  4  =  !I4 


The  number  59.  therefore,  mfQT  be  aiiopted* 


69 


1759.  Citrate  of  4mmonia  crystajlissea  with  difficulty  in  prisms. 

1760.  Citrate  of  Potassa  is  very  soluble,  deliquescent,  and  ^fficqltly 
crystallizable.  It  is  much  used  in  medicii^e  ^  ^  qiiild  diaphoretic,  abd  is 
the  SaU  qf  Riveriits  of  old  pharmacy. 
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1761.  dtraU  of  Soda  is  difficultly  crystallizable  in  hexnedral  tables, 
of  a  saline  flarour,  and  soluble  in  somewhat  less  than  two  parts  of  cold 
water. 

1762.  Citrate  of  Ldme  has  been  adverted  to  in  the  preparation  of  a- 
trie  acid.  It  is  nearly  tasteless,  and  scarcely  soluble  in  water,  but  rea- 
dily soluble  in  solution  of  citric  acid  :  when  moistened  it  soon  grows 
mouldy  if  exposed  to  air.     It  consists  of 

1  proportional  acid  =  55.5 
I  lime  =  26.5 

82. 
100  parts,  therefore,  of  citrate  of  lime  may  be  regarded  as  eompot^ 
edof 

67  citric  acid 
33  lime 

100 

1763.  Citrate  of  Baryta  is  diffiultly  soluble,  and  forms  acicular  crys- 
tals, readily  soluble  in  excess  of  nitric  acid. 

1764.  Citrate  of  Strontia  is  crystallizable  and  soluble. 

1765.  Citrate  of  Magnesia  does  not  crystallize. 

1766.  Citrate  ^  Manganese  is  formed  by  digesting  moist  protoxide  of 
manganese  in  citric  acid  ;  it  produces  white  arborescent  crystals. 

1767.  Citrate  of  Iron,  The  action  of  citric  acid  on  the  oxides  of 
iron  has  not  been  examined. 

1768.  Citrate  of  Zinc,  Zinc  dissolves  in  citric  acid  with  efiervei- 
cence  :  citric  acid  readily  dissolves  the  oxide  of  zinc,  and  the  solution 
deposits  small  crystals,  scarcely  soluble  in  water,  and  of  an  astrij^nt 
taste. 

1769.  Citrate  of  Tin.  Neutral  citrate  of  potassa  forms  no  precipi- 
tate either  in  protomuriate  or  permuriate  of  tin. 

1770.  Citrate  of  Copper,  Citric  acid  forms  a  pale  blue  precipitate 
in  solution  of  sulphate  and  nitrate  of  copper. 

1771 .  Citrate  of  Lead  is  thrown  down  in  the  state  of  a  nen^  inso- 
luble powder  when  citric  acid  is  added  to  nitrate  of  lead,  {{consists 
of    • 

59.4  acid 
112.     oxide 

171.4 

1772.  Citrate  of  Antimony  is  unknown. 

1773.  Citrate  of  Bismuth  is  an  insoluble  white  compound. 

1774.  Citrate  of  CohaU  appears  to  be  a  soluble  salt 

1775.  Citrate  of  iJranxum^  formed  by  digesting  oxide  of  uranium  in 
citric  acid,  is  a  soluble  and  difficultly  crystallizable  salt. 

1776.  CitraXe  of  Nickel  is  not  thrown  down  by  adding  either  citric 
acid  or  citrate  of  potassa  to  the  solutions  of  nickel. 

1777.  Citrate  of  Mercury,  Both  the  protodtrate  and  percitrate  of 
mercury  are  insoluble,  and  thrown  down  when  citric  acid  or  a  tolable 
citrate  is  added  to  the  solutions  of  mercury. 

1778.  Citrate  of  iSUver  is  an  insoluble  white  powder,  which  blackens 
by  exposure  to  light. 
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iv.     Malic  Acid. 

1779.  The  existence  of  a  peculiar  acid  in  the  jaice  of  apples,  wa» 
shown  hy  Scheele,  in  1785.  He  obtained  it  by  adding  aolution  of  ace- 
tate of  lead  to  the  expressed  juice  of  unripe  apples,  by  which  a  makae 
Qf  lead  was  formed,  and  afterwards  decomposed  by  sulphuric  acid. 
Vauquelin  obtained  it  by  a  similar  process,  from  the  juice  of  the  house- 
leek.  The  same  acid  exists,  according  to  Braconnot,  in  the  berries  of 
the  maurUain-ash,  from  which  it  wi|s  first  obtained  by  Mr.  Donoyan  in 
1815,  and  called  by  him  sorbicacid;  the  apparent  differences  between 
the  malic  and  sorbic  acids,  are  referable  to  the  impurities  of  the  former. 
Mr.  Donovan  has  given  the  following  process  for  its  preparation.  (^PhiL 

Trans. ,  1815.)  Express  the  juice  of  the  ripe  berries,  and  add  solution  How  •bt»iMd 
ef  acetate  of  lead,  filter,  and  wash  the  precipitate  with  cold  water,  then 
pour  boiling  water  upon  the  filter,  and  allow  it  to  pass  through  tBe 
precipitate  into  glass  jars ;  after  some  hours  crystals  are  deposited, 
which  are  to  be  boiled  with  2.3  times  their  weight  of  sulphuric  acid, 
specific  gravity  1.090.  The  clear  liquor  is  to  be  poured  ofi*,  and, 
while  still  hot,  a  stream  of  sulphuretted^  hydrogen  .is  to  be  passed 
through  it,  to  precipitate  the  remaining  lead ;  the  liquid  is  then  filtered, 
and  when  boiled  so  as  to  expel  the  sulphuretted  hydrogen,  is  a  solu- 
tion of  the  pure  vegetable  acid. 

Malic  acid  m^  sdso  be  obtained  by  steeping  sheet-lead  in  the  juice 
of  apples  ;  in  a  tew  days,  crystals  of  malate  of  lead  form,  which  may 
be  coUected  and  decomposed  by  the  very  careful  addition  of  dilute  sul- 
phuric acid. 

1780.  Malic  acid,  when  carefully  prepared,  is  a  colourless  liquid,  Pnpei^«^> 
very  sour^  and  not  susceptible  of  crystallization.     It  forms  crystalHza- 

ble  salts  with  many  of  the  metallic  oxides,  which,  however,  have 
scarcely  been  examined  with  such  precision  as  to  enable  us  to  deter- 
mine the  representative  number  of  malic  acid.  A  detailed  account  of 
what  is  known  respecting  them  wiU  be  found  in  M.  Braconnot 's  Me- 
moir, (Annalesde  Oiim  etPkys,,  Tom.  vi.)  His  analysis  of  the  crys* 
tilhzeo  malate  of  lead  gives  its  composition  thus  : 

Acid 100. 

Oxide  of  lead  .  .     157.4 

If  we  deduce  the  number  for  the  acid,  from  this  datum,  it  will  be 
71.1,  a  number  which  closely  corresponds  with  the  other  analyses  of 
the  same  author. 

1 781 .  The  ultimate  component  parts  of  this  acid,  according  to  V^au- 
quelin,  are 

Hydrogen 16.8 

Carbon 28.3 

Oxygen • 54.9 

lOO.d 

V.     Gallic  Acid* 

1 782-  T his  acid  derives  its  name  from  the  gall'HifUy  whence  it  was  first  How  obt*j»»« 
procured  by  Scheele.     It  may  be  obtained  by  the  following  process  : 
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Digest  bniiflcd  galls  in  boiling  water,  with  about  one-sixtb  Aer 
weieht  of  vcllam  cuttings,  for  some  hours  ;  then  allow  the  mixtnrc  tc 
cool,  and  filter  it.  Add  to  the  filtered  liquor  a  solution  of  acetate  « 
lead  as  long  as  it  occasions  any  precipitate  ;  pour  the  ^hole  upao  i 
filter  wash  the  precipitate  with  warm  water,  and  digest  it  m  rer;  di- 
lute subhutic  acid  ;  filter,  and  having  saturated  the  clear  liquor  with 
chalk,  evaporate  to  dryness.  Introduce  the  dry  masa  into  a  retort 
placed  in  a  sand-bath,  and  upon  the  application  of  heat  a  portion  »f 
water  will  first  rise,  and  afterwards  a  crystallme  aublimale  of  gaffic 

aciQ* 

1 788.  There  are  many  other  processes  for  obtaining  this  acid,  aaKx^ 
which  the  following  deserve  notice :  Moisten  bruised  gail-nuts,  sad  ei- 
pose  them  for  four  or  five  weeks,  to  a  temperature  of  about  S0».  A 
mouldy  paate  is  formed,  which  is  to  be  gqueeEed  dry,  and  d^ested  b 
belling  water ;  it  then  affords  a  scAatioB  of  gallic  acid,  which  msj  be 
whitened  by  animal  charcoal,  and  which,  oa  eVaporatioU,  yielAplHc 
^id,  emtalliBed  in  white  needles.— Biucohkot,  JInnalea  dtChiBL  a 
i^yt«,  Tom.  is.  181.  ^  ^         a 

Boil  an  ounce  of  powdered  galls  in  16  ouocea  of  Wafer  down  to  8, 
and  strain ;  dissolve  2  ounces  of  alum  in  water,  precipitate  theiuiiiiM 
by  carbonate  of  potassa,  and,  after  edulcorating  it,  stir  it  into  the  de- 
coction ;  the  next  day  filter  the  mixture ;  wash  the  precipiftte  mft 
warm  water,  till  this  will  no  longer  blacken  sulphate  of  irita ;  mil  the 
washing  with  the  filtered  liquor,  evaporate,  and  the  gallic  acid  will  be 
obtahied  in  acicular  crystals. — ^FaDLfim,  Uafi's  Dictian^fy. 

1784.  GalliG  acid,  when  pure,  is  in  whitish  crysteb,  of  a  sour  taste, 
and  which  exhale  a  peculiar  smell  when  heated.  It  dissolves  io  about 
10  parts  of  water  at  60«,  and  in  two  parts  at  tl«*.  Jt  is  akosohhle 
in  akohol  and  in  ether.  When  repeatedly  subhoied,  ftas  acid  is  alter- 
ed  and  in  part  decomposed.  It  consists,  according  to  Berxe^ias  {Jhsuds 
of  Philotophy,  Vol.  v.)  of 

Hydro^n 5.08 

Carbon 66.64 

Oxygen  •  •  •  • 38.36 

100.00 

And,  according  to  the  same  tfothority ,  galkU  of  Uad  is  coihpoied  ol' 

Gallic  acid 100 

Oxide  of  lead 174 

Thete  proportions  give  the  number  64.3  as  the  representative  oi 
gallic  acid. 

1785.  The  combinations  of  pure  gallic  acid  with  metalUc  bases  hoTc 
scarcely  been  examined,  and  consequently  we  have  no  accurate  cbeBu- 
cal  history  of  the  gaUate$,  Their  solutions  are  all  very  prone  to  de- 
composition, and  acquire  a  deep  brown  colour.  This  acid  fonni  no 
precipitate  in  solutions  of  potassa  or  of  soda,  but  when  dropped  into 
lime-water,  baryta  water,  orstrontia  water,  it  occasions  the  sepandioD 
of  a  difficultly  soluble  gaUate  of  those  earths.  It  also  causes  a  pre<^^pi' 
tate  in  selutiooa  of  sirconia,  glucina,  and  yttria. 
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1786.  When  an  iafttdioQ  of  gaUs  is  added  to  certain  metallic  solu- 
tions, it  forms  precipitates  composed  of  tannin,  gallic  acid,  and  the  me- 
tallic oxide,  and  as  these  are  often  of  diflferent  Qolonrs,  the  infusion  is 
employed  as  a  test  for  such  metals.  The  following  metals  in  solution 
are  thus  thrown  down,  of  the  annexed  colours  . 


JlfiTAL. 

SOLUTION. 

PRECIPITATE.              1 

HANOANESE 

IRON 

Ditto 

PermurJate 

Black 

ZIMC 

Maricte 

Dirty  jreUow 

TIN      ,    .    .    .       1 

Acidf  protomuriato 

Straw'coloar 

Ditto 1 

Acid-permtiriftte 

Fawn-ooloor 

CADMIUM      .    .    1 

Muriate 

? 

COPPER    •    •    •    1 

Protonuriata 

Yellow  brown 

Ditto 

Paraitrata 

GraM  g:reea 

LEAD     .... 

Nitrate 

1  Dingy  yeUow 

ANTIMONr   .    . 

TaitratA  aT  Anilninaj  avd  potaAia 

Straw  r^loar 

BISMUTH  .    .    . 

Tartrate  of  biimuth  and  potajsa 

COBALT     .    .    . 

MurUte 

l« 

URANIUM      .    . 

Sulphate    ' 

Blmdi  black 

TITANIUM     .    . 

Acid  muriate 

Brown 

Ditto 

Neotial  Mdpbate 

Blood  red 

CERIUM     .    .    . 

1 

Yellowiah 

TELLURIUM     . 

1 

Yellow 

ARSENIC   .    .    . 

White  oxid« 

'  Little  ehaaga 

Ditto 

Anenic  acid 

|0 

MOLTBDENUM 

Brown 

NICKEL     .    .    . 

Sulphate 

Oreen 

MERCURY     .    . 

Yellow 

Ditto 

Acid  peraitrate 

Yellow 

Ditto 

ComriTe  subtimate 

• 

OSMIUM     .    .    . 

RHODIUM      .    . 

1 

PALLADIUM      . 

1                              I 

SILVER.    .*.    . 

l^itrate 

Curdy  and  brown  after  lome  time 

GOLD     .... 

Mariate 

Deep  brown 

1    PLATINUM    .    . 

1  Mariate 

1  Brownish  f  cMn 

3  X 
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The  omitted  metals  are  either  not  precipitated,  or  their  actum  iiai 
not  been  examined. 

1787.  Of  these  compounds,  the  tannogaUaU  of  irtm  is  of  the  most 
importance,  as  forming  the  basis  of  writing  ink,  and  of  black  dyes. 

When  an  infusion  of  galls  is  dropped  into  a  solution  of  sulphate  of 
iron,  it  produces  a  deep  purple  precipitate,  which  is  a  Tcry  long  time 
in  subsiding ;  it  becomes  black  by  exposure  to  air.  In  writing  ink,  this 
precipitate  is  retained  in  suspension  by  mucilage,  and  the  following 
proportions  appear  the  best  which  can  be  used. 

Finely  bruised  galis*  3  ounces  |  Gum  arabic,  of  each  1  ounce 

Green  vitriol  (protosulphate  of  iron)  I  Vinegar,  1  quart. 
Lo|Ewood  shavings  I 

'  Put  these  ingredients  into  a  bottle,  and  agitate  them  occasionally 
during  twelve  or  fourteen  days  ;  then  allow  the  coarser  parts  to  settle, 
and  pour  off  the  ink  for  use. 

The  tendency  of  ink  to  become  mouldy  is  much  diminished  by  keep- 
ing a  few  cloves  in  the  ink-botile,  or  by  dissolving  in  each  pint  of  the 
ink  about  three  grains  of  corrosive  subhmate. 

The  coloilr  of  conmion  writing-ink  is  apt  to  fiide,  in  consequence  of 
the  decomposition  of  its  vegetable  matter ;  and  when  thus  illegible,  it 
may  often  be  restored  bv  washing  the  writing  with  vinegar,  and  subse- 
quently with  infusion  of  galls.  Acids  also  destroy  its  colouring  matter, 
and  those  inks  which  resist  their  action,  contain  some  other  colouriog 
principle,  usuaiJy  finely  powdered  charcoal.  Common  writing  ink  is, 
for  this  reason,  much  improved  by  dissolving  in  the  quantity  above- 
mentioned  about  an  ounce  of  Indian  ink  which  is  lamp-bJack  made 
into  a  cake  with  isinglass. 

In  dyeing  black,  the  stuff  is  first  impregnated  with  a  solution  of  the 
gall-nut,  and  afterwards  the  colour  is  brought  out  by  the  apfAicaitioa  of 
sulphate,  or  acetate  of  iron  (1611.) 

Upon  these  subjects  much  valuable  information  will  be  found  in 
Lewis's  Philosophical  Commerce  of  the  Arts,  and  in  AiKiit's  Dictioiuiry, 

1788.  In  the  Philo$.  Trans,  for  1817,  1  have  described  the  proper- 
ties of  a  species  of  galls  from  China,  which  fiimish  very  pore  g^lic 
acid,  and  which,  could  they  be  abundantly  obtained,  would  cerUinly 
prove  a  valuable  substitute  for  common  gaUs,  in  many  of  the  processes 
in  which  they  are  employed. 

vi.  Benzoic  Acid. 

1789.  Benzoic  acid  maybe  obtained  by  sublimation  £rom  (eiiroiR. 
which  is  a  resinous  exudation  from  the  Styrax  benzoe  of  Sqmatra  ;  it 
also  exists  in  the  Balsam  of  Peru  and  of  Tolu.     If  these  substanceft  be 

How  obudned  heated  in  a  crucible,  with  a  cone  of  paper  attached  to  its  mouth,  the 
acid  condenses  in  it  in  fine  acicular  crystals,  which  were  formerly  call- 
ed  flowers  of  benzoin.  A  good  process  for  procuring  this  acid  is  that 
recommended  by  Mr.  Hatchett,  which  consists  in  digesting  benzoin  in 
sulphuric  acid,  when  it  affords  a  copious  sublimate  of  pure  benzoic 
acid.  {Additional  Experiments  on  Tannin,  Phil.  Trans.,  1808.)  It 
may  also  be  obtained  by  boiling  a  pound  and  a  half  of  powdered  ben- 
zoin with  4  ounces  of  quicklime,  in  6  or  8  quarts  of  water.     When 
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cold  the  clear  liquor  ts  decanted,  and  the  residanm  again  boiled  in  half 
the  former  quantity  of  water.  The  liquors  thus  obtained  are  boiled 
down  to  half  their  bulk,  filtered,  and  mixed  with  muriatic  acid,  as  long 
as  it  occasions  a  precipitate,  from  which  the  liquor  is  poured  off,  and 
when  dry  it  is  put  into  an  earthen  vessel,  placed  in  a  sand  heat,  and 
sublimed  into  paper  cones. 

In  the  tenth  volume  of  Nicholsons's  Journal  I  have  detailed  several* 
experiments  on  benzoin,  and  have  shown  the  relative  quantity  of  acid 
afforded  by  the  several  processes  which  have  been  recommended  for 
obtaining  it. 

1790.  Benzoic  acid,  when  it  has  been  thus  sublimed,  is  in  the  formchaneten. 
of  soft  feathery  crystals,  of  an  acrid  and  slightly  sour  taste,  soluble  in 
about  30  parts  of  boiUng  water,  and  very  sparingly  soluble  in  cold  wa- 
ter.    It  is  much  more  soluble  in  alcohol,  and  t^  solution  easily  fur- 
nishes it  in  pristn^tic  crystals. 

1791.  Berzelius*  analysis  gives  the  following  as  the  components  of 
this  acid,  and  of  the  bensMate  of  lead : 

Hydrogen 6.16 

Carbon 74.41 

Oxygen 20.43 

100.00 

'     Benzoic  acid 100  >      .qa 

Oxide  of  lead 94  J  '**^* 

Whence  it  appears  that  the  representative  number  of  benzoic  acid  is 
119. 

1792.  Benaaate  of  Ammonia  forms  deliquescent  plumose  crystals, 
reiy  soluble  in  water.  Berzelius  recommends  this  salt  as  a  precipi- 
tant of  iron,  which  it  throws  down  of  an  orange  colour. 

1793.  Benzoaie  of  Potassa  is  a  very  soluble  deliquescent  salt  ;  if  it 
be  digested  with  benzoic  acid,  a  hibenzoate  ofpoia$9a  results,  which,  ac- 
cording to  Bucholz  (Annalet  de  Chimie^  Ixxxiv.)  forma  acicular  and  la- 
mellar crystals,  requiring  ten  parts  of  water  for  their  solution. 

1794.  Ben:8oaU  of  Soda  forms  efflorescent  crystals,  very  soluble  in 
water. 

1795.  Benzoaie  oflAme  forms  adcular  crystals,  sparingly  soluble  in 
cold  water.  Vauquelin  found  this  salt  in  the  urine  of  the  cow  Ben- 
zoate  of  ammonia  forms  a  copious  white  precipitate  when  added  to  mu- 
riate of  lime,  which  is  soluble  in  hot  water. 

1796.  Bemoate  of  Baryta  is  soluble  and  crystallizable. 

1797.  Bemoate  of  Stroniia  is  also  a  soluble  salt. 

1798.  Benzoate  of  Magnesia  forms  soluble  plumose  crystals. 

1799.  Benzoate  of  Manganese  forms  beautiful  prismatic  crystals. 
1«00.  Benzoate  of  Iron.     Benzoate  of  ammonia  tovtnB  an  insoluble 

p9rb€nzoaU  when  add«»d  to  solutions  of  paroxide  of  iron,  of  a  yellow 
calour :  in  the  protoaalts  of  iron  it  also  forms  a  white  precipitate. 

1801.  Benzoate  of  Zinc  forms  soluble  acicular  crystals  when  there 
is  excess  of  acid  :  the  neutral  benzoate  is  insoluble. 

1802.  Benzoate  of  TVn  is  insoluble. 

1803.  Benzoate  of  Copper  is  a  fine  blue  insoluble  compound. 

1804.  Benzoaie  of  Lead  is  tnaoluble  except  ther«  be  exces*  of  acid  ; 
it  then  fonns  nacreona  crystals. 
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ia05.  Benxoaie  o/Bismuih  fomw  white  ackuto  ciysteb,  petmmeai 
ID  the  air,  soluhJe  in  water,  and  sparingly  solnhle  in  alcohol.  (T»omio. 
DORP,  Ann.  de  Chim, ,  xi.)  When  benzoate  of  ammonia  la  added  to  aad 
nitrate  of  bismuth,  it  forma  an  insohihle  white  precipitate ;  TionBi9* 
dorfs  salt  therefore  is  probably  a  hihenzoate. 

1806.  Benzoate  of  Cobalt.    Benzoate  of  ammoma  forms  no  precipi- 

'  tate  in  solutions  of  cobalt.  .^    . ,        ,  ,_,     _. i i 

1807.  Benzoate  of  Uranittm  is  a  difficultly  sohiblc  straw-caloared 
compound,  when  formed  by  adding  benzoate  of  ammonia  to  mtratcof 

'Irani'*™'  ^    .  .   .  1         J  -^j 

1808.  Benzoate  of  J^iekel.  Solutions  of  nickel  are  only  reM«J«> 
ali^tly  turbid  by  benzoate  of  ammonia,  benzoate  of  nickel  is  pnAt- 
bly  therefore  a  soluble  salt  .       .^  ^  u»    «««.;«♦.*- 

1 809.  Benzoaie  of  Mercury.    Benzoic  acid  foxmi  whit«  precipitates 

in  the  solutions  of  mercury.  -  „ 

1810.  Benzoaie  of  Silver,  obtained  by  digeatuw  ^OMt  oxide  of  ^m 
in  benzoic  acid  forms  acicular  crystals  ;  but  brtizoate  of  amnoiuafoiins 
an  abundant  insoluble  precipitate  in  8ol»<ion  of  mtrate  of  sUfer. 

1811.  BenzoaU  of  Alumina  form*  itfborescent  crystals. 

Besides  the  regctable  adds  which  have  nawbeen  d^ribcd,  thete 
are  a  few  others  of  considerably  inferior  interest  and  importauce; 

"Tei 2!  MoroTultc  fltid,  discovered  by  Klaproth,  m  the  b«k  of  Uie 
mortM  alba,  or  v^it^  mulberry  (Nicholson's  Jofumal,  vu.)    An  erada- 
tion  was  ob8erv€d  upon  this  bark,  which  proved  to  be  a  compound  ot 
y  a  peculiar  acid  and  lime,  or  a  moroxylaie  of  Hme;  its  solution  was  de- 

composed by  acetate  of  lead,  and  the  moroxylaie  of  lead  thus  ohtamed 
decomposed  by  dilute  sulphuric  acid,  furnished  a  solution  of  moroxyiic 
acid,  which  gave  acicular  crystals  on  evaporation.  Tto  acid  has  the 
taste  of  succinic  acid ;  it  is  soluble  in  water  and  alcohol,  and  does  not, 
like  some  of  its  salts,  form  precipitates  in  metalUc  solutaons.  The 
quantity  of  this  acid  examined  by  Klaproth,  was  so  small  as  to  leave 
some  doubt  respecting  its  distinct  nature.  .    .  i  j 

1813.  Boletic  acid  was  obtained  by  Braconnot  from  the  hoMusfseiulf- 
ignariue  {Ann.  de  C%im.  Tom.  Ixxx.)  by  cautiously  «v>FJ^  *** 
expressed  juice  to  the  thickness  of  syrup,  digestingitm  alcohol,  diasolv- 
ing  the  residue  in  water,  and  adding  nitrate  of  lead  to  the  aqueous  so- 
lution ;  the  precipiUte  washed  and  diffused  through  water,  ^"^J^^^^^ 
posed  by  sulphuretted  hydrogen ;  the  liquor  was  then  filteied  and 
evaporated  tiU  it  formed  crystals,  which  were  purified  by  sotatioa  m 
alcohol  and  evaporation.    These  crystals  are  boletic  add ;  ^^ 
prismatic,  and  require  180  parts  of  water  at68«»,  and  46  of  alcohol  for 
their  solution,  which  reddens  blues  and  precipitates  nitrate  oHead, 
and  the  salts  containing  the  peroxide,  but  not  those  of  the  protoxide  ot 
iron.     This  acid  suMimes  with  little  alteration,  when  heated.    Bracon- 
not has  examined  the  boletauM  qf  ammnuin,  fx^uuaa^  hm£.  and  harifa, 
but  his  researches  have  not  as  yet  been  confirmed  by  any  other  cheadst 
—Thomson's  Sytt.  6tk  edit.  ii.  167. 

1814.  Fungtc  acid  was  procured  by  the  same  chemist  from  m 
hiatus  juglandis,  and  some  other  fungi ;  it  is  deliquescent  and  micrja- 
taUizable. — Awiales  de  Chimicy  Ixxxvii. 

1816.  iTmtc  ocid  was  discovered  by  Vauquehn,  in  CV«<fcofia.    Wkfis 
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a  strong  cold  infosioa  of  this  bark  is  set  aside,  crystals  ofkinate  of  lime 
are  sparingly  deposited  by  it,  which  may  be  decomposed  by  oxalic  acid. 
The  kinic  acid  is  crystalUzable,  sour,  and  bitter  :  the  ktnates  are  for 
the  most  part  soluble  salts  ;  it  is  chiefly  distinguished  by  forming  no 
precipitate  in  solutions  of  lead  and  silver. — Annales  de  Ciutnie^  \ix. 

1816.  In  the  astringent  root  of  the  Krameria  triandra,  M.  Peschier 
has  announced  the  existence  of  what  he  considers  as  a  distinct  substance, 
which  he  calls  kratneric  acid^—^Qumtd  de  Pharmaciey  vi. 

1817.  M*  firaconnot  has  given  the  term  EUagic  acid  (from  the  word 
galle  reversed)  to  an  acid  body  which  he  has  detected,  along  with  gallic 
acid,  in  infusion  of  galls,  but  its  characters  have  been  but  imperfectly 
ascertained- 

1818.  Zumic  acid  was  discovered  by  the  same  chemist  in  vegetable 
substances,  which  have  ondeigone  acetous  fermentation—- Thomsvr'b 
Syst.  Vol.  ii.  p.  189. 


Skctioh  XVUI.     Of  ike  Parts  of  PlamU. 

1819.  Iir  the  preceding  Sections  the  principal  proximate  components 
of  vegetables  have  been  described,  and  the  composition  of  some  of 
their  detached  parts  has  been  adverted  to  ;  such  of  these  as  have  not 
been  previously  noticed  and  as  have  been  examined  with  any  degree  of 
precision,  remain  to  be  described  in  this  Section  under  the  heads  o.f 

Roots.  Seeds. 

Barks,  Fruits. 

Woods.  Bulbs. 

Leaves.  Lichens. 

Flowers.  Fungi. 

i.  Roots. 

1820.  a.  Ipecacuanha.  This  root  is  the  produce  of  the  Callicocca 
ipecacuanha  (LivsMJiS  Trans,  vi.)  It  has  been  examined  by  MM. 
Pelletier  and  Majendie,  and  an  account  of  their  researches  is  publish- 
ed by  M,  Robiquet,  in  the  Annales  de  Chimie  et  Phys.  iv.  172.  100 
parts  of  this  root,  deprived  of  the  woody  fibre  wluch  traverses  its 
centre  afforded 

Fatty  matter 2 

Emetine 14 

Gum 16 

Starch 18 

Woody  fibre 48 

A  trace  of  wax 

Loss 2 

100 

The  means  of  separating  the  emetic  principle  have  already  been 


described  (1595). 
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1821.  6.  Valerian^  the  root  of  the  VaUriama  ofidnalU^  has  bee^ 
eiamined  hy  Trommsdorf  {AnnaUi  de  Chimie,  ha.)  The  recent  roc: 
loses  about  three-foarths  its  weight  in  drying.}  It  affords,  when  distill- 
ed with  water,  an  aromatic  yolatiie  oil ;  it  also  contains  starch,  gvm, 
resin,  and  extractive. 

1822.  c.  TurtMrie  is  the  root  of  the  Curcuma  langa^  a  plant  colli* 
rated  in  the  East  Indies,  and  used  as  a  condiment,  especially  io  Ctin) 
powder.  Digested  in  water  or  alcohol,  it  furnishes  a  lai^  proportim 
of  yellow  colouring  matter,  which  would  be  rery  usefiil  to  the  dyer. 
could  it  be  rendered  permanent.  Most  of  the  acids  render  it  paJer, 
and  the  akalis  change  it  to  a  deep  brick-red  ;  hence  its  use  as  a  t^ 
of  the  presence  of  alcaline  matter.  It  is  also  reddened  by  boracic  acid, 
and  by  muriatic  acid  gas. 

1833.  d.  Madder  is  the  root  of  the  Ruina  jfYnctorvm,  andis  an  arti- 
cle of  great  importance  in  dyeing ;  it  grows  wild  in  most  parts  of  the 
south  of  Europe,  and  is  largely  cultirated  in  some  parts  o(  HoUaod 
and  the  Levant ;  its  red  colour  is  apt  to  be  injured  by  drying,  a  process 
requiring  much  caution.  Good  madder  has  a  strong  and  pecaiiar  melt ; 
it  exhibits,  when  cut,  a  cortical  and  a  woody  part  of  a  red  colour,  in- 
termixed in  the  former  with  yellow  spots.  The  red  portion  is  most 
soluble. — AiKiif's  DicHimmry.  Art.  Dyeing.  Behthollkt,  Elm.  it 
Tetnture^  ii. 

1824.  e.  Rhubarb  is  the  root  of  the  Rheum  palmatum,  laifely  cdti- 

rated  in  the  northern  parts  of  China  ;  its  colour  is  brown,  mAt  str«aki 

of  red  and  white.     The  following  are  the  component  parts,  separate 

.  from  the  finest  kinds  of  Turkey  rhubarb. — Bhavde,  Quarterly  JoutuI 

'    of  Science  and  the  Arts,  x.  291. 

Water 8.2 

Gum 31.0 

Resin 10.0 

Extract,  tan,  and  gallic  acid.     .     .  36.0 
Phosphate  of  lime      .     .     .     •     .    2.0 

Malate  of  lime 6.6 

Woody  fibre 16.3 

100.0 

1 825.  Liquorice^  the  root  of  the  Olycyrrhiza  glabra^  has  been  exam- 
ined by  M.  Kobiquet,  who  found  in  it  the  following  substanca.— i<4tt* 
nalet  de  C^trnte,  Ixx. 

i.  Starch. 

ii.  Gluten. 

iii.  Liquorice  sugar. 

iy.  Phosphate  and  malate  of  lime  and  magnesia. 

V.  An  acrid  oil. 

vi.  A  crystallizable  substance  resembling  asparagio. 

rii.  Woody  fibre. 

The  sugar  is  soluble  in  water  and  in  alcohol,  but  not  cooTertiUei&to 
alcohol  by  fermentation ;  nor  into  oxalic  acid  by  the  action  of  nitric 
acid. 
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1 826;  Jalap^  the  root  of  the  Omvolvulus  Jala f pa,  is  employed  in  me- 
dicine as  a  cathartic.  It  is  imported  from  South  America.  It  has  not 
been  suhmitted  to  any  accurate  chemical  analysis,  but  its  activity  is  ge- 
nerally regarded  as  chiefly  resident  in  its  resin.  The  finest  and  dens- 
est jalap  affords  about  12  per  cent,  of  resin,  when  digested  in  alcohol ; 
^water  takes  up  about  30  or  36  per  cent,  of  the  remainder,  and  the  re- 
sidue appears  to  be  inert  woody  fibre. 

1827.  Gentian  is  the  root  of  the  Gentiana  lutea;  according  to  Mr. 
Henry  (^Annals  of  Philosophy^  xyi.  89,)  it  contains  the  following  sub- 
stances : 

i.     A  substance  resembling  bird-lime. 

ii.   A  resin  combined  with  an  oil,  which  gives  to  gentian  its  pecu- 
liar odour^ 
iii.  A  bitter  extractive  principle, 
iv.  Gum  and  colouring  matter. 
T.  Phosphate  of  lime  ? 

ii.  Barks. 

1828.  a.  Cinchona.     The  varieties  of  Peruvian  bark  have  been  ex- cinchona  lan- 
amined  by  MM.  Pellctier  and  Caventou.     In  the  cinchona  lancifoliay  or  "^°"*'  r*^** 
pale  bark,  they  found  the  following  constituent  parts : 

i.     Cinchonine,  combined  with  kinic  acid. 

ii.    Oreen  fatty  matter. 

iii.  Red  and  yellow  colouring  matter. 

iv.    Tannin. 

V.    Kinate  of  lime.  * 

vi.  Gum. 

▼ii.  Starch. 

viii.  Lignin. 

1829.  Cinchonine,  according  to  the  above  chemists,  is  a  salifiable 
base,  forming  white  acicular  crystals,  and  requiring  7000  parts  of  wa- 
ter for  solution  ;  dissolved  in  alcohol  it  has  a  bitter  taste.  It  is  difficult- 
ly soluble  in  the  fixed  and  volatile  oils  and  in  ether. 

1830.  Sulphate  of  Cinchonine  is  easily  crystallizable,  and  moderately 
soluble  ;  it  consists  of 

Cinchonine 100 

Sulphuric  acid 13 

1831.  Muriate  of  Cinchonine  is  much  more  soluble  than  the  sulphate, 
and  contains 

Cinchonine  ....«...«     100 
Muriatic  acid 7.9 

1832.  JViVra^c  o/"  CtncAomn«  appears  to  be  uncrystallizable.  Gallic, 
oxalic,  and  tartaric  acids  form  difficultly  soluble  salts  with  cinchonine  ; 
the  precipitate  occasioned  by  dropping  tincture  of  galls  into  infusion  of 
pale  bark  is  a  gailate  of  Cinchonine, 

1833.  In  the  yellow  bark  {cinchona  cordifolia)  MM.  Pelletier  and  f;;?'^*"*'y«^ 


red. 
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CaTcnloa  dUcorered  a  salifiable  base,  which  they  term  Qumuu,  th( 
sulphate  of  which  b  composed  of 

Quinine 100 

Salpharic  acid ,       10.9 

1834.   Acetate  of  Quinine  forms  bundles   of  flat  acicular  crysiiH*, 

while  the  corresponding  salt  of  cinchonine  crystallizes  in  small  tables. 

The  godlatey  oxcUatey  and  tartrate  of  quinine^  are  nearly  insoluble,  but 

quinine  is  very  soluble  in  salphuric  ether. 
Obiemifoiu.       1835.  In  the  red  bark  (cinchona  ohlongifolia)  the  two  salifiable  base* 
'*  above  described  are  foona  united. — Quarterly  Journal  of  Science  aad 

the  ArUy  x.  388. 

1836.  b.  CaecariUay  the  bark  of  the  Croton  EUuthtria  cootoos,  ac- 
cording to  Trommsdorfi'-^-^iflitfia/M  de  ChimUf  xxii. 

Parts. 

Mucilage  and  bitter  principle  864 

Resin 688 

VolatUe  oil 72 

Water 48 

Woody  fibre 3024 

4696 

1837.  c.  The  bark  of  the  hone  chestmU  (JEsculus  hij^ocastMum,) 
has  been  partially  examined  by  M.  Henry  {Annales  de  Chimity  Ixxvii ) 
It  appears  to  contain  scarcely  any  resin ;  water  and  diluted  alcohol 
dissolye  nearly  the  whole  of  its  soluble  contents,  which  are  chiefly 
extractive  and  mucilage.  Tincture  of  galls  does  not  render  its  infusioA 
turbid,  it  does  not  therefore  probably  contain  the  peculiar  substaoces 
discovered  in  Peruvian  bark. 

iii.  Woods. 

1838.  a.  Brazil  Wood  is  the  produce  of  the  Onaljnna  critta,  grow- 
ing in  Brazil,  in  the  Isle  of  France,  Japan,  and  other  coimtries :  the 
wood  is  hard  and  heavy,  and  though  pale  when  recent,  it  acquires  a 
deep  red  colour  by  exposure.  Digested  in  water  it  affords  a  fine  red 
infusion,  of  a  sweetish  flavour ;  the  residue,  which  appears  nearly 
black,  imparts  much  of  its  colour  to  alcaline  liquors.  With  alcohol  it 
gives  a  deep  red  tincture  :  alcalis  and  soap  convert  ita  red  colour  to  a 
fine  purple,  hence  paper  tinged  with  Brazil  wood  is  sometimes  used  as 
a  test  for  alcalis ;  acids  render  it  yellow  ;  alum  produces  a  fine  crimson 
lake  with  infusion  of  Brazil  wood  ;  muriate  qf  tin  forms  with  it  a  crim- 
son precipitate,  bordering  on  purple  ;  the  salts  of  iron  give  a  dii^ 
purple  colour.  Sulphuretted  hydrogen  destroys  the  colour  of  infusioD 
of  brazil  wood,  but  it  re-appears  on  expellii^  the  gas. — CHEVseri, 
Annates  de  OkWe,  Ixvi. 

1 839.  b.  Red  Sandaly  or  Saunders^  is  the  wood  of  the  Pterocarpui  m- 
taltnus^  a  native  of  several  parts  of  India.  Its  deep  red  colourisg  nut- 
ter is  insoluble  in  water,  but  readily  soluble  in  alcohol ;  it  is  dM&j 
employed  for  colouring  a  few  pharmaceutical  tinctures.  The  imolu- 
bility  of  its  colouring  principle  in  water  furnishes  a  ready  mode  of  dis- 
tinguishing between  it  and  brazil  wood  ;  and  its  solubility  ia  akohol 
readers  it  probable  that  it  is  of  a  resinous  natyr«. 
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1840.  c.  Logwood,  the  produce  of  the  HctmatoxyUm  ca/mptehianxuat 
bas  already  been  noticed  as  containing  a  peculiar  colouring  principle 
( 1 586).  It  imparts  a  fine  purple  or  crimson  colour  to  pure  water,  but 
its  tint  is  altered  by  the  slightest  metallic  impregnation ;  akalls  deepen 
it>  and  acids  render  it  paler  ;  alum  forms  with  it  a  yiolet-coloured  lake ; 
sulphate  of  iron  renders  the  infusion  of  logwood  deep  purple,  or  near- 
ly black  ;  sulphate  of  copper  and  acetate  of  lead  throw  down  brown 
and  purple  precipitates  ;  and  muriate  of  tin  precipitates  the  whole  of 
the  colouring  matter,  in  the  form  of  a  purple  compound.  The  colours 
which  logwood  produces  are  for  the  most  part  yery  perishable. — Ban- 
croft, on  Permanent  Colours^  ii.  338.  Chevreul,  Annak9  de  Ckitnie^ 
Ixvi:  254. 

iv,  Leates. 

1841.  a.  Senna.  AccoTdh^  to  Lagrange  (Jinnales  de  Ckimie^  xxvi.) 
the  leaves  of  the  Cassia  senna  are  characterized  by  containing  a  pecu- 
liar extractive  principle,  whic)i,  by  long  boiling,  passes  into  a  resinous 
substance,  in  consequence  of  absorbing  oxygen ;  they  also  contain  a 
resin  which  resists  the  action  of  water,  and  is  soluble  in  alcohol ;  the 
whole  of  the.  soluble  matter  amounts  to  about  one-third  the  weight  of 
the  senna.  In  the  London  Medical  Repository ^^  Vol.  xv.,  169,  the  ef- 
fects of  the  various  re-agents  on  infusion  of  senna  are  detailed  by  Mr. 
Batley. 

1 842.  h.  Nightshade.  The  leaves  of  the  Atrooa  Belladonna  contain^ 
according  to  Vauquelin  {Annales  de  Chimie,  Ixxii), 

i.  Vegetable  aubumen. 
ii.  A  bitter  narcotic  principle. 

iii.  Nitrate,  muriate,  sulphate,  binoxalate,  and  acetate  of  po- 
tassa. 

Dr.  Brandeslias  announced  the  existence  of  a  new  vegetable  alcali 
in  this  plant,  which  he  calls  atropia.  It  forms  brilUant  acicular  crys- 
tals, tasteless,  and  difficulty  soluble  in  water  and  alcohol.  It  affords  m- 
tinct  salts  with  the  acids  ;  the  Sulphate  ofAtropia  consists  of 

Sulphuric  acid 36.52 

Atropia 38.93 

Water 24.55 


100.00 

1843.  c.  Hyoscyamus  Niger  ^  or  Henbane.  In  the  leaves  of  this  plant 
Dr.  Brandes  has  also  ascertained  the  presence  of  a  peculiar,  and  high- 
ly poisonous  salifiable  base  which  he  calls  hyoscyama.  With  the  acids 
it  fonns  characteristic  salts ,  it  crystallizes  in  long  prisms. 

v.  Flowers. 

1844.  The  colouring  matter  of  most  flowers  is  extremely  fugitive, 
and  is  generally  much  changed  by  mere  exsiccation.  They  usually 
communicate  their  colour  to  water ;  the  infusion  of  blue  flowers  is  ge- 
nerally reddened  by  acids,  and  changed  to  green  or  yellow  by  alcalis  ; 
that  of  yellow  flowers  is  made  paler  by  acids,  and  alcalis  render  it 
brown ;  the  red  infusion  of  many  flowers  is  exalted  in  tint  by  acids, 
and  changed  to  purple,  and  in  some  instances,  to  green  by  alcalis. 

It  IB  probable  that  one  and  the  same  principle  gives  colour  to  sevc- 
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nl  cf  t&e  Uoe  aftd  Md4ower»,  but  liafc  tiie  ^tesenca  of  acid  ia  Ok 
latfer  prodac€fl  the  red ;  the  petak  of  tlM  red  rose,  tiitiirated  witk  a 
little  carboeate  of  time  and  water,  give  a  blue  liquor ;  alcalis  reader  it 
gveea,  and  aeidB  reitore  the  red« 

1846^  A  colourmg  matter,  analogoua  te  ^at  of  the  yiolet,  exeliin 
the  petals  (^r«d  cloTer,  in  liie  red  tips  of  those  of  the  eotnmoD  daisy, 
of  the  bl«e  hyacinth,  the  bolly-hock,  la^ender^  in  the  inner  lea?es  of 
of  the  artichoke,  and  in  namerons  otbar  flowers ;  redd^ied  bj  an  xid. 
it  colours  the  skin  of  several  plfuns,  and  the  pestds  of  the  acatriet  gtn- 
niuia  and  pomegranate.  Some  flowers  which  are  red,  become  blue  b; 
merely  bruising  them ;  this  is  also  the  case  with  the  coloimng  matter 
of  red  cabbage  leaves,  and  of  the  rind  of  the  long  radish.  Mr.  Snstk- 
son  has  suggested  that  the  reddening  acid  is  in  these  caaes  the  carboo- 
iC|  which  escapes  on  the  rupture  of  the  resseU  which  enclose  it 

1846.  The  petals  of  the  common  eom-poppy^  nibbed  upon  papa^^fiTe 
a  purple  stain,  httle  altered  by  ammonia  or  carbonate  of  soda,  katiflade 
green  by  caustic  potassa.  The  infusion  of  poppy-petals  in  reiy  £kte 
muriatic  acid,  is  florid  red ;  chalk  added,  renders  it  of  the  oolew  of 
port  wine ;  carbonate  of  soda  in  excess  gives  the.aame  colser,  hot  ex- 
cess (^potassa  changes  it  to  green  and  yellow.  The  eirpresaeil  jmce 
of  the  black  mulberry  possesses  nearly  the  same  properties. — Siotb- 
BOK,  PhiL  Trans.  1818,  110. 

1847.  The  flowers  of  the  carihcmus  tinetarius^  or  wofgUrmrr^  eai^ 
▼ated  chiefly  in  Spain  and  the  Levant,  contain  a  yellow  cofouring  mat- 
ter, easily  soluble  in  water,  and  a  red,  soluble  in  alcohol  and  meiik  it- 
cidine  liquors ;  the  latter  only  is  employed.  Am^ f  is  the  red  colour- 
ing matter  of  the  carthamus,  obtained  by  digesting  the  washed  flowers 
in  solution  of  carbonate  of  soda,  and  adciSng  lemon  juice,  which  throws 
it  down  in  the  form  of  a  fine  powder,  which  is  dried  and  nuxed  with  a 

?>rtion  of  powdered  talc  ;  carthamus  is  also  used  for  dyeing  si&. 
he  details  of  the  analysis  of  carthamus  will  be  found  m  tl^  Em^  of 
Dtifour  and  Marchais. — Annates  de  Chirniey  xlviu. 

vi.  SaEiys. 

1848.  Starch  is  an  essential  component  of  the  greater  nomber  oi 
seeds,  and  it  is  generally  united  in  them  with  a  variable  portion  of  ^q- 
ten,  and  oflen  of  fixed  and  of  volatile  oil.  The  component  parts  of 
wheat-flour,  and  of  several  esculent  grains,  have  alrea^  been  stated 
(1681,)  and  a  variety  of  curious  details  respecting  them  will  be  fiwittl 
in  Einhoff's  Papers,  in  GERLEir'i  Journal. 

Sir  H.  Davy  has  also  examined  a  number  of  seeds,  with  a  view  to  dt* 
termine  their  relative  nutritive  powers ;  the  results  of  his  experime&t- 
are  seen  in  the  table  at  the  end  of  this  section. 

1849.  Almonds^  the  seed  of  the  amygdalus  communis j  consist  rf^ 
albuminous  substance  and  oil ;  the  latter  mav  be  obtained  by  ex^ 
sionj  five  pounds  yielding  about  one  pouiid  of  cold  drawn  oil,  and  ab$»i 
ft  pound  and  a  half  when  aided  by  heat.  The  bitter  admond  aflbr**^ 
pressure  an  oil  analogous  to  that  from  the  former  ;  but  if  liie  expre^ 
ed  cake  be  distilled  with  water,  a  portjon  of  volatile  oil,  eminently  poi; 
•nous,  and  smelling  strongly  of  the  almond,  is  obtained ;  this  oil »  ««• 
M  a  flavourmg  toaterial  by  confectioners,  and  by  the  KumoAchiren  <■' 
TOyau.    iQ  the  Philosophical  Transactions  fov  1811.  Mr-  Brodie  bi 
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detailed  a  ranety  of  erperimeBts  itthiatKaliFe  ^  its  aetien  a9  a  pofeon, 
ID  wbkk,  as  well  as  from  its  odour,  it  appears  ideatical  nearly  with  hy^ 
drocyanic  acid. 

1 860.  Leniileg^  the  seed  of  t^  ^rvumimi,  coiktaWj  acoordiiut  to  JSja* 
hoB,  in  3840  parts. 

Woody  fibre -  -  -  720 

Albumen *-...  44 

Earthy  phosphates  ---^ -.  22 

Extractive,  soluble  in  alcohol -  120 

Gum  ---- 2S0 

Starch 1260 

Gluten 1433 

Loas >  .  .  .  11 

3640 

l&Sl.  The  seeds  of  Hkewhiielupine  {UmnusaUnui)  contain,  accord- 
ing to  Foujrcroy  and  Vaui|aeUn  (Jbi».  du  Ju«9l«m,  No.  xxzyL),  gluten, 
and  a  green  acrid  oil,  with  a  comBiderable  portion  of  pbospate  of  liwe 
and  masneaia,  but  no  starch  or  sugar. 

1852!.  Cg^ise,  the  seed  of  the  C^m  JrMca^  has  been  examined  both 
in  its  T9m  and  roasted  state.  Ftom  6i  paints  of  raw  coffee.  Cadet  {Aan, 
4t  Ckimity  lYiii.)  obtained 


Gum- • 

Resin  «^d  Utuer  eztvact    .  -  -  •  ^ 
Gallic  acid  -- •--- 

Insoluble  matter  --- 

Lo8s»  including  a  trace  of  albumen 


Hermann  has  given  the  foUowiAg  comparative  analysis  of  coffee  from 
the  Levant  and  from  Martinique  (Cuu<'«  Mamk^  ii.)^  the  reaftlta  of 
which  difier  noch  fromthoae  pf  Cadet : 

Resb 74  66 

Eslracture   « 3»  ««....  3^10 

£ham 130  144 

fShooas  iDstter 1336  138a 

L081 ei  1% 

laso  ^^ 

When  ooiEee  is  coasted  it  nndeigoes  a  peculiar  change  of  oaMfi»i« 
tiott,  isMended  by  the  Ibnastion  of  tan,  andjaroiatUe,  fri«raiii,  and  aro* 
naalic  prisuiiple;  l^vt  in  lUa alaleit  km  not  bMl  efluniMd  wkhaoy 

flKCifllJMII. 

1863.  Peffier.  The  aert of  the  fif^  mgnua  faaa  not  (bosnaaiiAc- 
torily  anri]9Bed  :  it  Imparts  its  jHcnmony  to  idceftiel-aBd  to  water ;  it 
conteina  a  apecies  of  vxiWite  oil,  nith^lwcb  tai  iStmtiTe  aMittar.-^ 
KicB0L80!i'a  Jwmoiy  ii. 
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1854.  Mustard.    The  seed  of  the  sinapis  nigra  deri?es  its  acriiM- 

ny  from  a  Tolatilc  oil ;  it  also  contains  a  tasteless  fixed  oil,  albama, 

gam,  and  traces  of  sulphar  and  earthy  salts. 

1866.  The  seeds  of  the  lycopodium  elavatutn^  or  comnum  cltih  wfs*. 

have  been  analyzed  by  Buchok.     (Gehlsn's  Journal,  vi.)    Trm 

1000  parts  he  obtained 

Fixed  oil  ... 60 

Sugar 30 

Mucilage 15 

Insoluble  residue 895 

1000 

This  seed  has  the  appearance  of  a  fine  yellow  powder,  which  deda- 
grates  when  projected  into  the  flame  of  a  candle ;  it  is  used  io  theatres 
to  imitate  lightning ;  and  the  German  apothecariea  employ  H  to  pre- 
vent the  adhesion  of  pills. 

1856.  AnnoUa  is  the  produce  of  the  hixa  orellana^  a  tree  coldfated 
in  various  parts  of  America.  When  the  caj^ules  arc  ripe,  the  seeds 
arc  bruised  and  steeped  for  several  weeks  in  water,  until  cowcrtetl 
into  a  pulp,  which  is  allowed  to  putrefy,  and  being  diffused  throng  a 
fresh  portion  of  water,  is  heated  till  a  scum  rises,  which  is  succegflre- 
ly  removed  as  it  forms,  and  being  carefully  dried,  is  made  up  into  cakes, 
uid  wrapped  in  palm  leaves  for  exportation. 

Annotta  is  soluble  m  water  ted  alcohol ;  the  solutions  have  a  disa- 
greeable smell,  and  are  of  an  orange  colour  -,  alcalis  render  it  more  so- 
luble and  increase  its  colour :  alum  and  the  acids  acparate  it  from  it<? 
solutions  in  the  form  of  a  yelloW  sediment :  it  is  used  for  djeing  silk 
and  colouring  cheese. 

vii.  Fruits. 

1857.'  The  acid  matter  contained  in  fruits  is  either  the  tartaric  oxa- 
lic, citric,  or  malic  ;  or  a  mixture  of  two  or  more  of  Uiem ;  Irat  tbe 
Tik«ir  e«B-  nature  and  proportion  of  the  acid  varies  at  different  periods  of  their 
growth ;  gluten  and  starch  are  found  in  some  fruits,  and  ag^a^aizing 
substance,  which  has  sometimes  been  regarded  as  identical  with  animal 
jelly,  but  which  is  probably  a  compound  of  gum  and  one  or  moie  vege* 
table  acids. 

1858.  Most  of  our  common  fruits  also  contain  aogar,  and  ilenstBia 
all  those  the  juice  of  which  is  susceptible  of  vinous  fennentafioo.  Io 
some  fruits  the  quantity  of  sugar  is  increased  by  mashing  and  expeeore 
to  air ;  this  is  remarkably  the  case  with  some  of  the  rou^-flavodred 
Apples  used  for  cider,  the  pulp  of  which  becomes  brown,  and  at  the 
same  time  sweet  by  a  few  hours'  exposure. 

1859.  The  colouring  matter  of  fruits  seems  in  most  cases  to  bear  i 
strong  resemblance- to  that  of  flowers.  The  red  jaice  of  the  bbI- 
berry  was  found  to  exhibit thesame  characters  as  the  colouring  pn&- 
dple  of  the  wild  poppy ;  carbonated  alcalis  render  it  blue,  but  caos- 
tic  potassa  changes  it  to  green  and  yellow :  the  juice  of  red  cornmts, 
cherries,  elder  berries,  and  privet  berries,  and  the  skin  of  the  back- 
thorn  berr^,  app^  to  contain  a  similar  c<douring  princiirfe. 

1860.  The  unripe  berries  of  the  buckthorn  famish  a  joioe,  friwb, 
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when  inspissated,  is  known  under  the  name  of  sap  green.  It  is  soluble 
in  water,  and  rendered  jellow  by  carbonate  of  so£i  and  caustic  potas- 
sa ;  the  acids  redden  it,  and  carbonate  of  lime  restores  it  to  green, 
which  is  therefore  probably  the  proper  colour  of  the  substance. 
(Smithson,  PhiL  Trans.,  1818,  p.  116). 

1861.  The  fruit  of  the  wild  c%u:und>er  (^cucumis  elaterium)  furnishes 
a  very  acrid  juice,  which  deposits  the  powerful  cathartic  known  under 
the  name  of  elaterium.  This  substance  occurs  in  commerce  in  thin 
cakes  of  a  greenish  colour  and  bitter  taste ;  it  derives  its  cathartic 
power  from  a  small  portion  of  a  very  active  principle,  which  Dr. 
Fans  has  called Elatin :  {Pharmacologiaj  223, 3d.  Edit)  from  10  grains 
of  elaterium  he  obtained 

Water  - - 0.4 

Extractive 2.6 

Fecula 2.8 

•    Gluten 0.5 

Woody  matter 2,6 

Elatin 

Bitter  principle 
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10. 
viii.     Bulbs. 

1862.  The  poiatotf  which  is  the  bulbous  root  of  the  solanum  iubero- 
sum^  has  been  examined  by  Dr.  Pearson  and  by  M.  Einhoff ;  from  100 
parts,  the  latter  chemist  obtained 

Starchy  matter 22 

Albumen  and  mucilage  -----     5j4 

27.4 

The  average  quantity  of  nutritive  matter  contained  in  the  potatoe, 
amounts  to  about  one-fourth  its  weight.  When  potatoes  become  sweet 
by  exposure  to  frost,  a  portion  of  &e  mucUage  passes  into  the  state  of 
sugar,  for  Einhoff  found  the  quantity  of  starch  undiminished. 

1863.  GfaWtc,  or  the  bulbous  root  of  the  aUium  saUvumy  has  been 
examined  by  Cadet,  (.^nn.  d€  Ckim.f  lix.)  It  loses  by  drying  about 
two-thirds  of  its  weight ;  ito  juice  is  viscid,  and  very  sl^tly  sour ;  it 
yields  coagulated  albumen  when  he^ited,  and  when  distilled  with  water 
furnishes  an  acrid  oil  having  a  strong  odour  of  garlic. 

1864.  The  bulb  of  the  Alliwn  Cepa,  or  Onion,  has  been  analyzed 
by  Foufcroy  and  Vauquelin  (j^nn^  de  Okunte,  Ixv.).  The  juice  of  this 
root,  when  exposed  to  a  temperature  of  about  70^,  forms  a  quantity  of 
vinegar,  and  deposits  a  sediment  hating  the  characters  of  gluten  com- 
bined with  oil  and  sulphur.  In  the  acetous  solution  is  contained  a  sub- 
stance having  the  properties  of  manna,  and  which  is  probably  a  product 
of  the  fermentatioa,  for  none  could  be  detected  in  the  recent  juice. 

1865.  Squill,  the  bulbous,  root  of  the  Scilla  mariiima  contains,  ac- 
cordion to  Vogel,  (AnnaUs  de  CMm,  Ixzxiv.)  a  pecvdiar  bitter  principle, 
which  he  terms  SciUitin,  combined  with  gum,  and  a  considerable  jpor^ 
tion  of  tannin.     ^ 


}18  FUNttl. 


isc.     Lichens. 


1866.  There  are  several  lichens  which  abound  io  colouring  matter  ; 
of  these  the  most  remarkable  is  the  Ldchen  rocella,  which  grows  in  tiie 
South  of  France  and  in  the  Canary  Islands,  and  which  affords  the  beaa- 
tifiil  but  perishable  blae  called  litmus y  arckilj  or  turnsole.  The  mos 
is  dried,  powdered,  mixed  with  pearlash  and  urine,  and  allowed  to  fer- 
ment, during  which  it  becomes  red,  and  then  blue  ;  in  this  state  it  is 
mixed  with  darbonste  of  potassa  and  chalk,  and  dried*  It  is  used  fer 
dyeing  silk  and  ribands,  and  by  the  chemist  is  a  most  delicate  test  of^ 
acids,  which  it  indicates  by  passing  from  blue  to  red ;  the  Uoe  coloor 
is  restored  by  alcalis,  which  do  not  render  it  greea.  Cudbear  appean 
to  be  a  similar  preparation  of  the  lichen  tanaireuB,^'^hAncBOFT  m  Cq» 
hurt,  i.,  300. 

Mr.  Smithson  has  thrown  samie  doubt  upon  the  use  of  alcalis  in  the 
precipitation  of  litmus^  for  he  found  its  tincturc  produce  no  change  on 
solutions  of  muriate  of  lime,  nitrate  of  kad,  muriate  of  phttinoDi  and 
oxalate  of  potassa ;  he  at  the  same  time  raggeflts  the  idea  of  its  being 
a  compound  of  a  vegetable  principle  with  potassa. — PkiL  TVoai.,  l&ld, 
p.  112. 

1867.  The  Lichen  Islandicus,  or  Iceland  Mos$y  has  been  subjected  to 
Analysis  by  Berzelius.  {Anmles  de  C3iMm>,  xc.)  He  obtained  from  it 
the  following  substances : 


Synip 3.6 

Bi-tartrate  of  potassa  -..-•.•.\ 

Tartrate  of  lime \    1.9 

Phosphate  of  lime ....^ 

Bitter  principle -.-..    s.O 

Wax 1.6 

Gum --.-.    3,7 

Colouring  Extract 7.0 

Starch 44.6 

Insoluble  starchy  matter ^  36.6 


102.0 

It.    FuffOI  or  MVSHROOMB. 


1868.  M.  BracoMot,  who  has  lately  evuumtd  wamy  fiH#  wik  m- 
nute  attention,  has  given  tlie  OMBefml^n  to  the  isaolBUe  8f»i«y  P*' 
lion  whidi  they  contain,  aad  wbidh  io  many  twspeds  seaenhlesligDiA : 
he  has  also  detected  in  them  twa  peoohar  acids,  which  heiitmBjui^ 
aeid  (1614)  and  biOeiic  euid  (1813)  ;  the  method  of  etitradi^  whicb 
haa  been  above  deacnbed.     A  pecohar  fi^  matter,  <»r  adl^ocer,  hn 


beeo  ibund  hy  Vaaquelia  and  Braoonnot,  in  86v«zy  of  the  fimgi;  « 
albiMinoiai  substance,  and  salts,  some  ^  which  are  boletates  and  fat- 
gates,  have  abo  been  detected  inthem,butthe  ana^afisars  tooabstnae, 
«nd  the  xesidto  too  comphcated,  to  be  regai4ed«  perfectiy  aatisfictor;. 
— Am^iee  de  C^imie^  ixxuL.,  hcxxv.,  ^ 

1869.  The  foUowing  tMe.  drawn  up  by  Sir  JL  Davy,  ^slnhiti  the 
relative  proportions  of  soluble  and  of  natritiTe  matter  contwedia  KBBO 
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parts  of  the  different  vegetable  substances  enumerated  in  the  first  co- 
lamn  {Agricultural  Chitnutry^  4to.,  p«  131.): 


V£GETABLES 


VEGETABLE  SUBSTANCB. 


Whole 

■MUltitT  of 

Soluble  Off 
Ifatritive 
Matter. 


MucUage 


Sacchnrtne 

Matter  or 

fiogmr. 


GItitea 


Kxtract,  or 


dcred  iDso- 
luble  darinf 
•TapoMtioiK 


MiddleMX  Wboat,  areran  crop 
^-~—  Wheat 


'iKSf.: 


iwed  Wheat  of  1806  . 
Blb^ted  Wheat  of  1804  . 
-nSekikimied  Sieiliaa  WhMtof  ItlS 
Thia-tkiaaed  SicUtaa  Wheat  of  1810 
Wheat  from  Poland    ...... 

North  Anerican  Wheat 

Norfolk  Bwle7 

Oats  from  Scotland 

Rye  from  Torkahire 

Common  Bean 

DryPeM  .    .    .    .• 

FoUtoei 

Ltineed  Ceke     ........ 

Red  Beet .    < 

White  Beet 

Partnip 

Carrots ,    .    .    . 

Common  Tomips 

Swedish  Turnips 

Caibbace 

Bread^eaved  Clorer  ...... 

Lonr-TOoted  Clover 

White  Clover 

Sainfoin 

Lnceme 

Meadow  Fox-tml  Grass 

PereMkinl  Rye  Grass 

Fertile  Meadow  Grass 

Rooghish  Meadow  Grass     .... 

Crested  Dof 's-toil  Grass      .... 

Spiked  Fescue  Grass  ...... 

SweeVsoeated  Soft  Grass     .... 

Sweet-scented  Vernal  Grass 

Fiorin 

Fiorin  cat  tn  Winter  .    .    . 


''\ 


966 
040 
310 
650 
9&S 
961 
9S0 
065 
920 
743 
783 
570 
574 
Cfroo  00 
I  to  900 
161 
148 
104 

00 

08 

43 

64 

73 

90 

99 

92 

90 

39 

99 

99 

78 

99 

95 

10 

83 

SO 

M 

76 


765 

700 

173 

5?0 

725 

723 

760 

790 

790 

^1 

645 

456 

501 
C  from  38 
\   to  165 

139 
M 
13 
9 
9 

4t 
91 

90 
39 
38 
18 
3« 
36 
65 
99 
38 
15 
73 
49 
46 
64 


70 
15 
38 

93 

fram90 

to  15 

'  11 

131 

11» 

90 

OS 

94 

51 

94 

3 

.  4 

1 

3 

1 

9 

4 

6 

5 

9 

3 

4 

4 

5 

8 


190 
?40 
33 
130 
930 
999 


60 
«7 

109 
103 
85 

{from  40 
te90 
17 
14 
4 


41 
10 


Srction  XIX.    Phenomena  amd  Products  of  FerwMniaiion. 

.  1870.  THEterm/srmisn/a^iott  is  employed  to  signify  the  spontaneous 
ohangea^  which  certain  vegetable  solutioii^  andergOf  placed  under  cer- 
tain circumstances,  and  which  teramnate  eitter  in  the  production  of  an 
intoxicating  liquor^  or  of  vinegar ;  the  former  termination  constituting 
vinous,  the  latter  acetous  fermentation. 

The  principal  suhstance  concerned  in  vinous  fermentation  is  sugar ; 
and  no  vegetable  juice  can  be  made  to  undergo  the  process,  which  does 
not  contain  it  in  a  very  sensible  quantity.  In  the  production  of  beer, 
the  sugar  is  derived  from  the  malt ;  in  that  of  wine,  from  the  juice  of 
the  grape. 

1871.  In  the  manufacture  of  ^eer,  the  malt  is  ground  and  infused  in 
the  fMuh'tuH,  in  rather  more  than  its  bulk  of  water,  of  the  temperature 
of  160*  or  180».  Here  the  mixture  is  stirred  for  a  few  hours ;  the 
Jiqoor  is  then  run  off,  and  more  water  added,  until  the  malt  is  exhaust- 


S2^ 


^I.tE. 


ed.  These  infusions  are  called  wort^  and  its  principal  coutent^  are 
saccharine  matter,  starchy  mucilage,  and  a  small  qaantity  of  gluten. 
The  strength  of  the  wort  is  adjusted  by  its  specific  gravity,  which  a 
usually  found  by  an  instrument  not  quite  correctly  called  a  saccharo- 
meter,  since  it  is  influenced  by  all  the  contents  of  the  wort,  and  Dotbj 
the  sugar  only.  It  is  a  brass  instrument,  of  the  shape  shown  io 
the  mai^n,  so  adjusted  in  weight  as  to  sink  to  the 
point  marked  0*,  in  distilled  water,  at  the  tempera- 
ture of  70^,  and  when  immersed  in  a  liquor  of  the 
same  temperature,  and  of  the  specific  gravity  of 
1.100,  it  is  buoyed  up  to  the  mark  100,  just  above 
Hy^iMMtw.  the  bulb.  The  intermediate  space  is  divided  into 
100  equal  parts,  and  consequently  will  indicate  in- 
termediate degrees  of  specific  gravity.  This  is  the 
most  usefiil  form  of  the  instrument,  though  not  that 
in  common  use.  The  specific  gravity  of  the  wort 
for  ale  is  usually  about  1.090  to  1.100,  and  for  ta- 
ble-beer from  1.020  to  1.030. 

The  wort  is  next  boiled  with  hops,  amounting  up- 
on the  average,  to  -^  the  weight  of  the  malt,  their 
use  being  to  cover  the  sweetness  of  the  liquor  by 
their  aromatic  bitter,  and  to  diBunish  its  tendency 
to  acidify.  The  liquor  is  then  thrown  into  large, 
but  very  shallow,  vessels,  or  coolers^  where  it  is 
cooled  to  about  50^,  as  quickly  as  possible ;  it  is 
then  sufiered  to  run  into  O^e  fermenting  vai,  having 
been  previously  mixed  with  a  proper  quantity  of 
yea$i,  which  accelerates  fermentation,  apparently 
by  virtue  of  the  gluten  which  it  contains. 

In  the  fermenting  vessel,  the  different  substances 
held  in  solution  in  the  liquor  begin  to  act  upon  each 
other  ;  an  intestine  motion  ensues,  the  temperature 
of  the  liquor  increases,  carbonic  acid  escapes  in  large  quantities ;  at 
length  this  evolution  of  gas  ceases,  the  liquor  becomes  quiet  and  dear, 
and  it  has  now  lost  much  of  its  sweetness,  has  diminished  in  specific  gra- 
vity, acquired  a  new  flavour,  and  become  intoxicating. 

1872.  The  distillers  prepare  a  liquor,  called  wash^  for  the  express 

Jiurpose  of  producing  from  it  ardent  spirits  ;  instead  of  breiting  this 
rom  pure  malt,  they  chiefly  employ  raw  grain,  mixed  with  a  small 
quantity  only  of  malted  grain ;  the  water  employed  in  the  maahton  is  of 
a  lower  temperature  than  that  requisite  in  brewing,  and  the  nashing 
longer  continued  ;  by  which  it  would  appear  that  a  part  of  the  starch 
of  the  barley  is  rendered  into  a  kind  of  saccharine  matter.  The  wort 
is  afterwards  fermented  with  yeast. 

1873.  Wifu  is  principally  procured  from  the  juice  of  the  grape,  and 
some  other  saccharine  and  mucilaginous  juices  of  fruits.  The  principal 
substances  held  in  solution  in  grape  juice  are,  sugar ^  g^^^  gl^^^  ^ 
bi'tartrate  of  potassa.  It  easily  ferments  spontaneously  at  tempera- 
tures between  60*  and  80*,  and  the  phenomena  it  gives  rue  to  cioselj 
resemble  those  of  the  wort  with  yeast.  Afler  the  operation,  its  speci- 
fic gravi^  is  much  diminished,  its  flavour  changed,  and  it  has  acquired 
intoxicating  powers. 

1874.  If  a  mixtare  of  1  part  of  sugar,  4  or  6  of  water,  and  a  little 
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jreast,  be  placed  in  a  due  temperature,  it  also  sood  begins  to  ferment, 
and  gives  rise  to  the  same  products  as  wort  or  grape-juice  ;  and,  as  the 
free  admission  of  air  is  not  necessary  to  vinous  fermentation,  its  results 
may  easily  be  examined  by  suffering  the  process  to  go  on  in  the  follow- 
ing apparatus  ;  consisting  of  a  matrass  containing  the  fermenting  mix- 
ture, with  a  bent  tube  issuing  from  it,  and  passing  into  an  inverted  jar 
sliding  in  water. 


It  will  thus  be  found  that  the  only  gaseous  product  is  carbonic  acid :  ^J^^  ^^ 
and  consequently,  that  carbon  and  oxygen  are  the  principles  which  the  mTauUon^' 
saccharine  matter  loises  during  the  process. 

1875.  When  any  of  the  above-mentioned  fermented  liquors  are  dis- 
tilled, they  afford  a  ipirituous  Itquor;  that  from  wine  is  termed  brandy  ; 
from  the  fermented  juice  of  the  sugar-cane  we  obtain  rum ;  and  from 
wash,  malt  spirit;  and  these  spirituous  liquors,  by  re-distillation,  fur- 
nish spirit  of  wine,  ardent  spirit,  or  alcohol. 

1876.  The  different  fermented  liquors  frumish  very  different  pro- 
portions of  alcohol,  and  it  has  been  sometimes  supposed  that  it  does 
not  pre-exist  to  the  amount  in  which  it  is  obtained  by  distillation ;  but 
some  experiments  which  I  made  upon  the  subject,  in  1811  and  1813, 
and  which  are  printed  in  the  Philosophical  Transactions  for  those  years, 
tend  to  show  that  it  is  a  real  educt,  and  not  formed  by  the  action  of 
heat  upon  the  elements  existing  in  the  fermented  liquor.  The  follow- 
ing Table  exhibits  the  proportion  of  alcohol,  specific  gravity  .825  at 
60^,  by  measure,  existing  in  100  parts  of  several  kinds  of  wine  and 
other  liquors : 

Proportion  of  Spirit 
percent,  by  measure. 


Piopertion  of  Spirit 
per  ceot.bjineeaiire. 

1.  Lissa 26.47 

Ditto 24.35 

Average  -  25.41 

2.  Raisin  wine       -     -     -  26.40 

Ditto 25.77 

Ditto 23.20 

Average    -  25.12 

3.  Marsala 26.03 

Ditto 25.05 

Average    -  25.09 

4.  Port 25.83 

Pitto 


Ditto 

Ditto  -  -  -  . 
Ditto  .... 
Ditto  -  -  -  - 
Ditto       ...     - 

Average 
Madeira  -  -  - 
Ditto  -  .  -  - 
Ditto  (Sercial)  -  - 
Ditto       -     .    -     - 

Average 
24.29  6.  Currant  wine    -    - 


23.71 
23.39 
22.30 
21.40 
19.00 
22.96 
24.42 
2393 
21.40 
19.24 
22.27 
20.«» 
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7. 


8. 
9. 

10. 

11. 

12. 
13. 
14. 
15. 
16. 


17. 
18. 


19. 
20. 


21. 

22. 
23: 
24. 
25. 


26. 


27. 
28. 
29. 
30. 
31. 
32. 
33. 


PiroporCioiMof  Spiiit 
per  MDt.  hf  meMvre. 

Sherry 19.81 

Ditto 19.83 

Ditto     .    .     -    -     .  18.79 

Ditto 18.25 

Average    -  19.17 

Tenerifie  -     -     -     -  19.79 

Colares       .    -    -    .  19.75 

Lachryma  Christi     ^  19.70 

ConstaDtia,  white      -  19.75 

Ditto,  red  ....  18.92 

Lisbon 18.94 

Malaga  .....  18.94 

Bucellas     ....  18.49 

Red  Madeira  -    •    -  22.30 

Ditto 18.40 

Average    •  20.36 

CapeMoscbat-    -    -  18.25 

Cape  Madeira-     -    .  22.94 

Ditto 20.60 

Ditto 18.11 

Average  -  20.51 
Grape  wine     -    .     .18.11 

Calcavella  -    -    -    .  19.20 

Ditto 18.10 

Average    -  18.66 

Vidonia 19.25 

Alba  Flora*    ...  n.gg 

Malaga 17.26 

White  Hermitage  -    -  17.43 

RousilloQ-  ....  19.00 

Ditto     -    -    •    -     -  17.26 

Average    -  18.13 

Claret 17.  U 

Ditto 16.32 

Ditto     .....  14.08 

Ditto 12.91 

Average    -  .  16.10 

Zante    ......  17,05 

Malmsey  Madeira      -  18.40 

^J>nel 15.52 

Sheraaz      -    .    -    .  15.52 

Syracose    ....  15.28 

Sauteme    -     -    -    .  14.22 

Burgundy  ....  leieo 


per  eeikt.  bj  mtzmt. 

Ditto 16.2S 

Ditto 14.53 

Ditto 11.95 

Average    -  U.57 

34.  Hock 14.37 

Ditto     .    -    .     -     .  13.00 

Ditto  (old  in  cask)     .  SM 

Average    -  12.08 

35.  Nice      -     .    -     -    .  14.63 

36.  Barsac 13.86 

37.  Tent 13.30 

38.  Champi^e  (still)  .  t3,90 
Ditto  fsparkling)  -  .  12.80 
Ditto  (red)  -  .  -  12.56 
Ditto  (ditto)    -     .    -  11.30 

Avenge  *  12.61 

39.  Red  Herroiti^-    -  .  12.32 

40.  Vin  de  Grave  -  -  -  1S.94 
Ditto     .     .     -     -  .  1180 

ArengiR   •    13.37 

41.  Frontigaac(Rive8aKte)  12.79 

42.  Cote  Rotie  ....    12.32 

43.  GooseberrjT  wioe  -    -    11.84 

44.  Orange  wine — a?erage  of 

6    eami^es  made  by  a 
London  maDU&ctaTer    1 1.26 

45.  Tokay 9.88 

46.  Elder  wine     .    .    .      8.79 

47.  Cider,  highest  avera^  9.87 
Ditto,  lowest  ditto     •      5.21 

48.  Perry,average^4uiiip.  7.28 

49.  Mead 7.32 

50.  Ale  (Barton)  ...  SM 
DiUo  (Edinbtu^)  •  8.20 
Ditto  (Dorchester)    *     5.56 

Aver^Se     •     6.67 

51.  Brown  Stout    -    .    -     6.80 

52.  London  Porter(aven^)  4.20 

53.  Ditto  smaU  beer  (ditto)     1 .28 

54.  Brandy       ....    58.39 

55.  Rnm 53.68 

56.  Gin 51.60 

67.  Scotch  Whiskey        -    54.32 
58.  Irish  ditto        .     -    .    53.90 


W  r  P"«cipl«  "Pon  which  the  intoxicHtbg  properties  of  for- 
nented  liquors  depends,  and  which  exists  in  ardent  spirit,  is  inite 
purest  form  called  olcoW.  It  may  be  obtained  by  distilling  the  recti- 
JUd  jptrU  of  mneM  commerce,  with  one-fourth  of  its  weight  of  dfj 

warm  carbonate  of  potassa ;  about  thrce-fiwrths  may  be  dnWB 
over.  There  are  other  substances  which  may  be  used  as  substitatcs 
tor  the  carbonate,  eepeciaUy  muriate  of  lime. 


viiorERTiBs  or  alcohol. 
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1878.  Akohol  thus  obtaiDed  by  slow  and  carefal  didtillatioQ,  is  a 
limpid,  colourless  liqaid,  of  an  agreeable  smell,  and  a  strong  pungent 
flavonr.  Its  specific  grayity  varies  with  its  purity ;  the  purest  obtain- 
ed by  rectification. OTer  muriate  of  Ume  being  791  ;  as  it  usually  oc- 
curs it  is  .820  at  60^.  If  rendered  as  pure  as  possible  by  simple  dis- 
tillation, it  can  scarcely  be  obtained  of  a  lower  specific  gravity  than 
..826,  at  60*. 

1879.  Alcohol  has  never  been  frozen,  and  consequently  is  particu- Alcohol, 
larly  useful  in  the  construction  of  thermometers  intended  to  measure 
int^ise  degrees  of  cold.    When  of  a  specific  gravity  of  .825,  it  boils  at 

the  temperature  of  176*,  the  barometrical  pressure  being  30  inches. 
In  the  vacuum  of  an  air-pump  it  boils  at  common  temperatures.  The 
specific  gravity  of  the  vapour  of  alcohol,  compared  with  atmospheric 
air,  is  1.613.---Oay-Lus8ac,  Annates  de  CkinUe  et  Phys.  Tom.  i. 

1880.  Alcohol  may  be  mixed  in  all  proportions,  with 
water,  and  the  specific  gravity  of  the  mixture  is  greater 
than  the  mean  of  the  two  liquids,  in  consequence  of  a  dimi- 
nution of  bulk  that  occurs  on  mixture  as  may  be  shown  by 
the  following,  experiment : 

The  annexed  wood-cut  represents  a  tube  with  two  bulbs, 
communicating  witib  each  other,  the  upper  one  being  sup- 
plied with  a  well-ground  g^ass  stopper.  Fill  the  tul^  and 
lower  bulb  with  water,  pour  alcohol  slowly  into  the  upper 
bulb,  and  when  full  put  in  the  stopper.  The  vessel  will 
now  be  completely  fiUed,  the  alcohol  lying  upon  the  water ; 
if  it  be  inverted^  the  alcohol  and  water  will  slowly  mix,  and 
tlie  condensation  that  ensues  will  be  indicated  by  the  empty 
space  in  the  tube.  A  considerable  rise  of  temperature 
takes  place  in  this  experiment,  in  consequence  of  the  con- 
densation. 

1881.  The  strei^h  of  such  spirituous  liquors  as  consist 
of  little  else  than  water  and  alcohol,  is  of  course  ascertained 
by  their  specific  gravity ;  and  for  the  purpose  of  levying 
duties  upon  them,  this  is  ascertained  by  the  hydrometer ;  an 
instrument  constructed  upon  the  same  principle  as  that  de- 
scribed at  page  520.  But  the  only  correct  mode  of  ascer- 
taining the  specific  gravity  of  liquids,  is  by  weighing  them 
in  a  delicate  balance,  against  an  equal  volume  of  pure  water, 
of  a  similar  temperature  (^507). 

1882.  In  the  Philotophical  Trafuattums  for  1 794,  Mr«6ilpin  has  giv- 
en a  copious  and  valuable  series  of  tables  of  the  specific  gravity  of 
mixtures  of  dcohol  and  water,  and  of  the  condensation  that  ensues, 
with  several  other  particulars.  These  are  extremely  useful,  as  ena- 
bling us  to  ascertain,  without  difficulty,  the  relative  quantity  of  alcohol 
contained  in  any  mixture  of  known  specific  gravity. 

The  original  tables  are  extremely  voluminous,  and  have  been  vari- 
oushr  abri^d  by  different  persons ;  I  have,  however,  thought  it  most 
useful  to  insert  two  of  them,  adapted  to  the  temperature  of  60<>,  and 
refer  the  reader  to  Mr.  Gilpin's  paper  for  those  calculated  at  other 
temperatures. 
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TABLE  OF   TBC  SPECIFIC  dRAVITT  OF 

TABLE 
Of  At  Specific  Gravity  and  Ckmpotition  of  Mixtures  of  Mcokol 


Water  at  the  Temperature  of  60*. 


I. 

11. 

III. 

IV. 

V. 

VI. 

VII. 

bj  W«tKht 

Sp.+W. 

Bptcifle 

Spirit 

Walar 

by 

Maaaara. 

Balk 

MiztHK. 

lien  of 
Bdk. 

Spmt 

100+  0 

.82500 

100 

.— 

100.00 

... 

100.00 

1 

.83731 

— 

0.83 

100.73 

0.1 1 

99.29 

2 

.83957 

— 

1.65 

101.44 

0.31 

9858 

3 

.83177 

.^-. 

3.47 

102.16 

0.31 

97.88 

4 

.83391 

— 

3.30 

102.89 

0.41 

97.19 

100+  6 

.83599 

— 

4.12 

103.62 

0.50 

96.51 

6 

.83803 

—^ 

4.95 

104.35 

0.60 

9S.83 

7 

.84001 

.^ 

5.77 

105.09 

0.68 

95.\6 
94.50 

8 

.84195 

i— 

6.60 

105.83 

0.77 

9 

.84384 

— 

7.43 

106.57 

0.85 

93.84 

100+10 

.84568 

...» 

8.85 

107.31 

0.94 

93.19 

11 

.84748 

— 

9.07 

108.05 

1.02 

93.55 

13 

.84934 

i— 

9.90 

108.80 

I.IO 

91.91 

13 

.85096 

— . 

10.73 

109.55 

1.17 

91.28 

14 

.85365 

— 

11.55 

110.30 

1.35 

90.66 

100+15 

.85430 

... 

13.37 

111.05 

1.32 

90.04 

16 

.85592 

— 

13.30 

111.81 

1.39 

89.44 

ir 

.85750 

— « 

14.03 

112.56 

1.46  1 

88.84 

18 

.85906 

.— 

14.85 

113.33 

1.53 

88.25 

19 

.86058 

— 

15.67 

114.08 

1.59 

87.66 

100+20 

.86308 

^mm 

16.50 

114.84 

1.66 

87.08 

21 

.86355 

... 

17.33 

115.60 

1.72 

85.51 

22 

.86500 

.. 

18.15 

1 16.36 

1.79 

85.94 

33 

.86642 

.« 

18.97 

117.13 

1.85 

85.38 

24 

«86781 

— 

19.80 

117.88 

1.93 

84.83 

100+25 

.86918 

.»_ 

30.63 

118.64 

1.98 

84.28 

26 

.87053 



31.45 

119.41 

3.04 

83.74 

27 

.87183 

— 

23.37 

130.18 

3.09 

83.31 

28 

.87314 

Pi— 

33.10 

120.94 

3.16 

83.68 

29 

.87442 

— 

33.93 

121.71 

3.21 

83.16 

MiXTVltES   OF  ALeOHOL   ASt>  VTArttii 


6U 


1. 

IL 

III. 

IV. 

V. 

VI. 

VII. 

Spirit  ana 

Water 
bj  Weight 

Specific 
Qnr'itf. 

Spirit 
MeMim. 

WaUf 

by 

Meawre. 

Bulk 

of 

Mixton. 

DiniBD. 
lion  of 
Bulk. 

by  Meafure. 

Sp.+W. 

100+30 

.87569 

100 

24.75 

122.48 

2.27 

81.65 

Si 

.87692 

— 

25.57 

123>24 

2.33 

81.14 

32 

.87814 

-~ 

26.40 

124.01 

2.39 

80.64 

33 

.87935 

-^ 

27.22 

124.78 

2.44 

80.14 

34 

.88053 

— 

28.05 

125.55 

2.50 

79.65 

100+35 

.88169 

.^ 

28.87 

126.32 

2.55 

79.16 

36 

.88283 

.— 

29.70 

127.09 

2.61 

78.68 

37 

.88395 

— 

30.52 

127.86 

2.66 

78.21 

38 

.88505 

»^ 

31.35 

128.64 

2.71 

77.74 

39 

.88613 

— 

32.17 

129.41 

2.76 

77.27 

100+40 

.88720 

^^ 

33.00 

130.19 

2.81 

76.81 

41 

.88825 

_ 

33.82 

130.96 

3.86 

76.36 

42 

.88929 

... 

.34.65 

131.74 

2.91 

75.91 

43 

.89032 

— 

35.47 

132.51 

2.96 

75.47 

44 

.89133 

-^ 

36.30 

133.29 

3.01 

75.03 

100+45 

.89232 

..» 

37.12 

134.06 

3,06 

74.59 

46 

.89330 

— 

37.95 

134.84 

3.11 

74.16 

47 

.89427 

_ 

38.77 

135.61 

3.16 

73.74 

48 

.89522 

— 

39.60 

136.39 

3.21 

73,32 

49 

.89615 

— 

40.42 

137.17 

3.25 

72.90 

100+50 

.89707 

_^ 

41.25 

137.95 

3.30 

72.49 

51 

.89797 

.... 

42.07 

138.73 

3.34 

72.08 

52 

.89886 

-* 

42.90 

139.51 

3.39 

71.68 

53 

.89973 

.— 

43.72 

140.29 

3.43 

71.38 

54 

.90059 

— 

44.55 

141.07 

3.48 

70.89 

100+55 

.90144 

45.38 

141.86 

3.52 

70.49 

56 

.90227 

^- 

46.20 

142.64 

3.56 

70.11* 

57 

.90309 

.^ 

,     47.02 

143.42 

3.60 

69.72 

58 

.90391 

.- 

47.85 

144.21 

3.64 

69.34 

59 

.90470 

.  <fc 

48.67 

144.99 

3.68 

68.97 

100+60 

.90549 

■  1, 

49.50 

145.78 

3.72 

68.60 

61 

.90626 

_ 

50.32 

146.56 

3.76 

68.23 

62 

.90703 

—. 

51.15 

147.35 

3.80 

67.87 

63 

.90778 

._ 

51.97 

148.13 

3.84 

67.51 

64 

.90853 

— 

52.80 

148.92 

3.88 

67.15 
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1. 

11. 

III. 

IV. 

V. 

VI. 

VII. 

SairitMd 

Water 

by  Weight 

specuc 

Spirit 

W*tet 

Bulk 

Diminn- 

of 

OrtTitjr. 

by 

MMture. 

bj 
Mmmr. 

of 

Mixtore. 

tioaof 
Bulk. 

Spirit 

ftrCtmi. 

byVMMe, 

Sp.+W. 

100+65 

.90927 

100 

53.62 

149.71 

3.91 

66.80 

66 

.91001 

_ 

54.45 

150.50 

3.96 

66.45 

6r 

.91074 

-«. 

55.27 

151.28 

3.99 

66.10 

68 

.91146 

.I*. 

56.10 

152.07 

4.03 

65.76 

69 

.91217 

— 

56.92 

152.85 

4.07 

65.42 

100+70 

.91287 

..^ 

S7.75 

153.64 

4.11 

65.09 

71 

.91356 

.-^ 

58.57 

154.42 

4.15 

64.76 

72 

.91424 

... 

59.40 

155.21 

4.19 

64.45 

73 

.91491 

-.- 

60.22 

156.00 

4.22 

64.10 

74 

.91557 

— 

61.05 

156.79 

4.26 

63.78 

100+75 

.91622 

_^ 

61.87 

157.68 

4.29 

63.46     • 

76 

.91686 

_ 

62.70 

158.37 

4.33 

63.14 

77 

.91748 

... 

63.52 

159.16 

4.36 

62.83 

78 

.91811 

.. 

64.35 

159.95 

4.40 

62.52 

79 

.91872 

— 

65.17 

160.74 

4.43 

62.21 

100+80 

.91933 

.. 

66.00 

161.53 

4.47 

61.91 

81 

.91933 

... 

66.82 

162.32 

4.50 

61.61 

82 

.92052 

.. 

67.65 

163.11 

4.54 

61.31 
61.01 

83 

.98110 

_. 

68.47 

163.90 

4.57 

84 

.92168 

69.30 

164.70 

4.60 

60.72 

100+85 

.92225 

_ 

70.12 

165.49 

4.63 

60.43 

86 

.92281 

... 

70.95 

166.29 

4.66 

60.14 

87 

.92336 

... 

71.77 

167.08 

4.69 

59.85 

88 

.92391 

— 

72.60 

167.87 

4.73 

59.57 

89 

.92445 

— 

73.42 

168.66 

4.76 

59.39 

100+90 

.92499 

^^^ 

74.25 

169.46 

4.79 

59.01    1 

91 

.92552 

... 

75.07 

170.25 

4.82 

58.73    1 

92 

.92604 

... 

75.90 

171.05 

4.85 

58.46    1 

93 

.92656 

._ 

76.72 

171.84 

4.88 

58.19 

94 

.92707 

— 

77.55 

172.64 

4.91 

57.92 

100+95 

.92758 

„^^ 

78.37 

173.43 

4.94 

57.66 

96 

.92807 

.. 

79.20 

174.23 

4.97 

57.40 

97 

.92856 

.. 

80.02 

175.02 

5.0O 

57.14 

98 

.92905 

«.» 

80.85 

175.82 

5.03 

56.88 

99 

.92954 

— 

81.68 

176.62 

5.06 

56.62 
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I. 

II. 

III. 

IV. 

V. 

VI. 

VII. 

W»t«r 

and  Spirit 

by  wAghU 

SpMi£c 
OrtTity. 

Spirit 
VeMore. 

Waur 

by 

Bulk 

of 

KxtaM. 

Diaiao- 
tionof' 
Bulk. 

Uojnti^ 

Spirit 

per  Gml. 

bjMeMUie. 

Sp.+W. 

100+ loe 

.93002 

100 

82,50 

177.41 

5.09 

56.36 

99 

.93051 

— 

83.34 

178.22 

5.12 

56.11 

98 

.93102 

-^ 

84.19 

179.06 

5.14 

55.85 

97 

.93149 

— 

85.02 

179.89 

5.13 

55.59 

96 

.93198 

•  — 

85.94 

180.74 

5,20 

55.33 

100+95 

.93247 

.— * 

86.84 

181.61 

5.23 

55.06 

94 

.93296 

_ 

87.76 

182.50 

5.26 

54.79 

93 

.93345 

.-.. 

88.71 

183.42 

5.29 

54.52 

92 

.93394 

— 

89.67 

184.35 

5.32 

54.24 

91 

.93443 

— 

90.66 

185.31 

5.35 

53.96 

100+90 

.93493 

^ 

91.67 

186.29 

5.38 

53.68 

89 

.93544 

«^ 

92.70 

187.29 

5.41 

53.39 

88 

.93595 

— 

93.75 

188.31 

5.44 

53.10 

S7 

.  .93646 

m^ 

94.83 

189.35 

5.48 

52.81 

86 

.93697 

— 

95.93 

190.42 

5.51 

52.51 

100+85 

.93749 

mm^ 

97.06 

191.53 

5.53 

52.21 

84 

.93802 

— 

98.21 

192.65 

5.56 

51.91 

83 

.93855 

— - 

99.39 

193.80 

5.59 

51.60 

83 

.93909 

— 

100.61 

194.99 

5.62 

51.29 

81 

.93963 

— 

101.85 

196.20 

5.65 

50.97 

100+80 

.94018 

.. 

103.12 

197.44 

5.68 

60.65 

79 

.94073 

— 

104.43 

198.71 

5.72 

50.32 

78 

.94128 

— 

105.77 

200.01 

5.76 

50.00 

77 

.94184 

-^ 

107.14 

201.35 

5.79 

49.66 

76 

.94240 

— 

108.55 

202.73 

5.82 

49.33 

100+75 

.94296 

•— 

110.00 

204.15 

5.85 

48.98 

74 

.94352 

— 

111.48 

205.60 

5.88 

48.64 

73 

.94408 

— 

113.01 

207.10 

5.91 

48.29 

72 

.94465 

»— 

114.98 

208.64 

5.94 

47.93 

71 

.94522 

— 

116.20 

210.22 

5.98 

47.57 

100+70 

.94579 

^«. 

117.86 

211.84 

6.02 

47.20 

69 

.94637 

•_ 

119.56 

213.51 

6.05 

46.83 

68 

.94696 

-^ 

121.32 

215.24 

6.08 

46.46 

67 

•94756 

— 

123.13 

217.02 

6.11 

46.08 

66 

.94816 

^" 

126,00 

218.85 

6.15 

45.69 
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I, 

11. 

III. 

IV. 

V. 

VI. 

Vll. 

WaUtsod 

Specific 

Spirit 

Water 

Bulk 

DimAni- 

^, 

?KS£  • 

Orayiliy* 

by 

Mmiuk. 

of 
Mktore 

tJonoT 
Bulk. 

Spmi 
perC««t 

W.  +  Sp. 

100+65 

.94876 

100 

126.92 

220.74 

6.18 

45.30 

64 

.94936 



128.90 

222,69 

6.31 

44.91 

63 

.94997 



130.95 

224.70 

6.35 

44.50 

62 

.95058 

— 

133.06 

226.78 

6.28 

44.10 

$1 

.9511 

— 

135.25 

228.93 

6.33 

43.68 

100+60 

.95181 

^^ 

137.50 

231.14 

6.36 

4S.34 

59 

.95243 

.— 

139.82 

233.44 

6.38 

43.84 

S8 

.95305 

— 

142.23 

235.82 

6.41 

42.11 

67 

.95368 

— 

144.73 

238.28 

6.45 

41.97 

56 

.95430 

— 

147.32 

240.83' 

6.50 

41.52 

100+55 

.95493 

.1.* 

150.00 

243.47 

6.53 

4i.or 

54 

.95555. 

— » 

152,77 

246.22 

6.55 

40.61     i 

53 

.956(7 

«... 

i    155.65 

249.08 

6.57 

40.15   1 

52 

.95679 

•» 

158.65 

252.05 

6.60 

39.67    1 

51 

.95741 

~ 

161.77 

255.14 

6.63 

39.19    1 

100+50 

.95804 

_ 

165.00 

258.34 

6.66 

38.71 

49 

.95867 



168.37 

261.68 

6.69 

38.31 

48' 

.95931 

-^ 

171.87 

265.16 

6.71 

37.71 

47 

.95995 

-.- 

175.53 

268.80 

6.73 

37.30 

46 

.96058 

-^ 

179.35 

272.59 

6.76 

36.68 

100+45 

.96122 

».mm 

183.34 

276.56 

6.78  . 

36.16 

44 

.96185 

— 

187.50 

380.70 

6.80 

35.63 

43 

.96248 

— 

191.86 

385.05 

6.81 

35.06 

42 

.96311 

— 

196.43 

289.60 

6.88 

34.55 

41 

•96374 



201.21 

294.38 

6.88 

3S.9T 

100+40 

.96437 

^.^ 

206.25 

399.42 

6.83 

33.40    1 

39 

.96500 

— 

211.54 

304.71 

6.83 

32.82    1 

38 

.96563 

— 

217.10 

310.28 

6.82 

32.23    I 

37 

.96626 

-^ 

222.97 

316.15 

6.83 

31.63    1 

36 

.96689 

229.17 

322.36 

6.81 

31.02    1 

109+35 

.96752 

.^ 

235.71 

338.90 

6.81 

30.40    1 

34 

.96816 

— 

242.65 

335.84 

6.81 

29.78    1 

33 

.96880 

— . 

250.00 

343.21 

6.79 

39.14 

32 

.96944 

— . 

257.S1 

351.04 

6.7r 

28.49 

31 

.97009 

*— — 

266.13 

359.38 

6.75 

27.83 

ftlXTURES  OF   ALCOBQL  AXJ>  WATEJEL. 
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I. 

II. 

III. 

IV. 

.V. 

.VI. 

VII. 

Water  ana 

Sp«cifie 
Oravit/. 

Spirit 
Mcarare. 

Water 

by 

Heature. 

Bulk 

of 

Mixture. 

DimioD- 
tionof 
Balk. 

(loaotity 

of 

Spirit 

jwrCm*. 

by  Meaiure. 

W.  +  Sp. 

100+30 

.97074 

100 

275.00 

368.28 

6.72 

27.15 

39 

.97139 

^. 

284.48 

377.79 

6.69 

^6.47 

28 

.97206 

— 

294.64 

387.99 

6.65 

35,77 

27 

.97273 

— 

305.56 

398.95 

6.61 

35.07 

36 

.97340 

— 

317.31 

410.74 

6.57 

24.35 

100+25 

.97410 

_«. 

330.00 

423.48 

6.52 

23.61 

24 

.97479 

— 

343.75 

437.29 

6.46 

22.87 

23 

.97550 

— 

358.70 

453.31 

6.39 

22.11 

22 

.9762? 

— 

375.00 

468.64 

6.36 

21.34 

31 

.97696 

— 

392.86 

486.58 

6.23 

20.55 

100+20 

.97771 

— « 

412.50 

506.29 

6.21 

19.75 

19 

.97848 

-— 

434.31 

538.08 

6.13 

18,94 

18 

.97936 

— 

458.33 

552.39 

6.04 

18.11 

17 

.98006 

_ 

485.29 

579.34 

5.95 

17.26 

16 

.98090 

— 

515.62 

^  609.76 

5.86 

16.40 

100+15 

.98176 

_ 

550,00 

644.25 

5.75 

15.52 

14 

.98264 

— 

589.29 

683.66 

5.63 

14.63 

13 

.98356 

.^ 

634.61 

729.10 

5.51 

13.73 

13 

.98452 

-. 

687:50 

782.11 

5.39 

12.79 

11 

.98551 

— 

750.00 

844.74 

5.26 

11.84 

100+10 

.98654 

'  •«. 

825.00 

919.87 

5.13 

10.87 

9 

.98761 

— 

916.67 

1011.70 

4.97 

9.88 

8 

.98873 

— 

1031.25 

1126.44 

4.81 

8.88 

7 

.98991 

-^ 

1178.57 

1373.93 

4.65 

7.85 

6 

.99115 

— 

1375.00 

1470153 

4.48 

6.80 

100+   5 

.99244 

^. 

1650.00 

1745.70 

4.30 

5.73 

4 

.99380 

.— 

3063.50 

2158.37 

4.13 

4.63 

3 

.99524 

.— 

2750.00 

3846.04 

3.96 

3.51 

S 

.99675 

— 

4135.00 

4331.31 

3.79 

2.37     1 

1 

.99834 

— 

8350.00 

8346.38 

3.63 

1.20     1 

*A 


530  COMBVITIOir  OF  ALCOHOL.    . 

Btnagtk.  1383,  Tliere  are  other  methods  of  jadg^ng  oCtbe  strei^;^!  of  spirita- 

oos  liqaors,  iHiicb,  though  useful,  are  not  accurate,  such  at  the  taste, 
the  siae  and  appearance  of  the  bubbles  when  shaken,  the  ainkk^v 
floatiog  of  <ATe  oil  in  it,  uid  the  appearances  that  it  exhibits  wbci 
bomed ;  if  it  bums  airay  perfec^  to  dryness,  and  inflames  ganpoirder 
or  a  piece  ot  cotton  immersed  in  it,  it  is  considered  as  alcohol :  ihe 
diferent  spirituous  liquors  leaTe  rariable  prop<»1ion8  of  water  wben 
thus  burned  in  a  graduated  yessel. 

18S4.  There  is  the  greatest  difficulty  in  ascertaining  what  is  mnot 
by  the  term  proof  spirii.  Dr.  Thomson,  quoting  the  Act  of  Parliameut 
of  1762  (Syttem,  ii.  319),  states,  that  at  the  temperature  of  60»,  tiie 
specific  grayity  of  proof  spirit  should  be  0.916 ;  and  he  also  obserm, 
miproof$pirU  usudly  means  a  mixture  ot^qual  bulks  of  akohol  aaif 
water ;  but  the  specific  grari^  of  such  a  mixture  will,  of  coone,  de« 
pend  upon  that  of  the  standard  alcohol,  which  is  not  sptidfied.   ft  ap- 
pears from  Gilpm's  TahUs,  that  spirit  of  the  specific  granty  ,916  at 
60*,  consists  hy  weight,  of  100  narta  of  akohd,  specific  gntkjr  .825, 
at  eo**,  and  75  of  water ;  and,  Sy  measure^  of  100  parts  of  tlie  same 
alcohol,  and  61.87  of  water.    From  the  T(AU$  of  Lowitz,  qaotedby 
Dr.  Thomson,  from  Crell's  .^nnaU  (1796,  i.  202),  we  lean,  Qnt 
equal  weights  of  alcohol,  specific  gravi^  .796,  at  60^,  (and  which  nay 
be  regarded  as  jpvre  oicokoi,)  ai^  water,  hare  a  specific  gnritjr  of 
.91 7,  which  is  Tonr  near  legal  proof,  and  which,  according  to  GiLrar's 
TahU$^  contains  62.8  parts  per  cent,  of  his  alcohol,  by  measurt, 
rropMiki  of      1885.  Alcohol  is  extremely  inflammable,  and  bums  vrith  a jpde  Uue 
SoSSu        flame,  scarcely  Tisible  in  bright  day-light.     It  occasions  no  raligbinB 
deposition  upon  substances  held  oyer  it,  and  the  products  of  its  com- 
bustion are  carbonic  acid  and  water,  the  weight  of  the  water  consider- 
ably exceeding  that  of  the  alcohol  consumed.    According  to  Sanssnre, 
jun.,  100  parts  of  alcohol  afibrd,  when  burned,  136  parts  of  water, 
the  production  of  which  may  be  shown  by  substituting  the  flame  of 
alcohol  for  that  of  water,  in  the  apparatus   describdl  in  tte  fint 
of  the  work,  under  the  Article  Water  (236,  i.),  and  if  the  tobe  at 
its  extremity  be  turned  down  into  as^ass  jar,  it  will  be  found  thata 
current  of  carbonic  acid  passes  out  of  K,  which  may  be  rendered  efi- 
dent  by  lime-water. 

There  are  some  substances  which  communicate  colour  to  the  flame 
of  alcohol;  from  boracic  acid  itacquires  a  greenish  yeIlow<4iat;  nitre 
and  the  aoluMe  salts  of  baiyta  cause  it  to  bumyeMow,  snd  tbose  of 
atrontia  give  it  n  beautiful  rose  colour ;  cupreous  salts  imgaxi  a  fine 
green  tinge. 

1686.  Alcohol  dissolves  pure  soda  and  potassa,  but  it  does  not  act 
upon  Oieir  carbonates :  consequently,  if  the  latter  be  mixed  with  al- 
cohol containing  water,  the  liquor  aeparates  into  two  portions,  the  up- 
per being  alcohol  deprived  to  a  considerable  extent,  of  water,  and  the 
lower  the  aqueots  solution  of  the  carbonate.  The  alc«^otic  solotioD 
of  caustic  potai^  was  known  in  old  pharmacy,  under  the  name  of  Van 
Helmont's  Tincture  of  Tartar,  Its  use  in  pur^Tying  potassa  has  already 
been  stated  (644)  ;  if  it  be  long  kept  it  deposits  small  cryatals  of  car- 
bonate of  potassa,  and  becomes  nearly  black,  from  the  decompositjoa 
of  a  portion  of  alcohol.  Ammonia  and  the  carbonate  are  both  soluble 
in  alcohol ;  the  greater  number  of  the  sulphates  are  iaaoluMe  in  this 
menstruum,  but  it  dissolres  many  of  the  muriates  and  nitrate.   It 
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alM  disaoltres  the  greater  number  of  the  adds.  It  absorbe  many  ga- 
seous bodies.  *  It  dissolres  the  vegetaMe  acids,  the  volatile  oils,  the  re- 
sins, tan,  and  extractiye  matter,  and  many  of  the  soaps ;  the  greater 
nunkber  of  the  fixed  oik  are  taken  ap  by  it  in  small  quantities  only 
bat  some  dissolye  largely.  It  may  be  remarked,  that  many  errors  ex* 
ist  in  the  published  estimates  of  the  solubiUty  of  substances  in  alcohol, 
afising  from  the  existence  of  water  either  in  the  solvent  or  substance 
dissolved. 

1B87.  When  the  vapour  of  alcohol  is  passed  through  a  red-hot  cop- 
per tube,  it  is  decomposed,  a  portion  of  charcoal  is  deposited,  and  a 
large  quantity  of  carburetted  hjrdrogen  gas  is  evolved. 

The  most  satis&ctory  experiments  on  the  composition  of  alcohol 
are  thoae  of  Saussure,  as  quoted  by  Dr.  Thomson  {System^  ii.  p.  327), 
He  passed  the  alcohol  through  ared-hot  porcelain  tube,  terminating  m 
a  glass  tube  six  feet  long  and  surrounded  by  ice ;  all  the  products  were 
carefully  collected  and  weired.  The  result  of  this  analysis  was,  that 
100  parts  of  pure  alcohol  consist  of 

Hydrogen --  13.70 

Carbon 61,98 

Oxygen ,.-.  34.32 

100.00 

These  numbers  approach  to  3  proportionsds  of  hydrogen  =  3 ;  2  of 
•carbon,  s=  12 ;  and  1  of  oxygen,  «  8* 

Or  it  may  be  regarded  as  composed  of 

Olefiantgas v  .     61.63 

Water 38.37 


100.00 


If  we  consider  it  as  composed  of  1  volume  of  olefiant  as,  and  1  vo- 
hime  of  the  vapour  of  water,  the  2  volumes  being  condensed  into  1, 
the  specific  gravity  of  the  vapour  of  alcohol,  compared  with  common 
air,  will  be  1.699,  or,  according  to  Gay-Lussac,  1.613. 

1888.  When  alcohol  is  submitted  to  distillation,  with  certain  acids, 
a  peculiar  compound  is  fiirmed,  called  eiher^  the  different  ethers  being 
distinguished  by  the  name  of  the  acid  employed  in  their  preparation. 

a.  Sulphuric  Etbbr. 

1889.  Sulphuric  Ethtr  is  the  most  important  of  these  compounds ;  Pitptiatitn. 
it  is  prepared  as  follows  t  Equal  weights  of  alcohol  and  sulphuric  acid 

are  carefully  mixed  and  introduced  into  a  ^ass-retort  placed  in  a  sand* 
bath,  to  which  is  adapted  a  capacious  tubulated  glass  i^obe,  connect'^ 
ed  with  a  receiver,  as  represented  in  the  wood-cut  at  page  92. 
Raise  the  mixture  in  the  retort  to  its  boiling  point  as  rapidly  as  possi- 
ble, and,  keeping  the  receiver  cool  by  water  or  ice,  continue  the  dis- 
tillation, till  opaque  vapours  appear  in  the  retort ;  then  remove-  the 
receiver,  and  agitate  its  contents  with  a  httle  quick-lime  ;  after  which 
pour  off  the  clear  liquor,  and  re-distil  to  the  amount.of  three-fourths  its 
original  quantity  with  the  same  precautions  as  before.    The  ethermay 
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be  farther  purified  by  distilling  it  off  muriate  of  lime.    The  LomioH 
Phartnaeopma  Erects  the  distitlation  of  ether  with  potaiisa,  for  its  pin 
riiScatioD  from  sulphurous  acid ;  and  Mr.  Richard  Phillips,  in  his  £r< 
perimental  ExamtmUiony  has  given  the  following  directiom  for  procar- 
ing  ether  for  pharmaceutical  purposes,  which  answer  extrem^y  well. 
<<  Mix  with  16  ounces  of  sulphuric  acid,  an  equal  weight  of  rectified 
spirit,  and  distil  about  10  fluid  ounces,  add  8  ounces  of  spirit  to  tbe 
residuum  in  the  retort,  and  distil  about  9  fluid  ounces ;  or  cootinne  the 
operation  until  the  contents  of  the  retort  begin  to  rise  or  the  product 
becomes  considerably  sulphurous ;  mix  the  two  products,  and  if  tbe 
mixture  consist  of  a  light  and  heary  fluid,  separate  them  :  add  potisb 
to  the  lighter,  as  loi^  as  it  appears  to  be  dissolved ;  separate  ike  etber 
from  the  solution  of  potash,  and  distil  about  nine-tenths  of  it,  to  be 
preserved  as  ether  inlphurkm,  the  specific  gravity  of  winch  ooglit  to 
be  at  most  .760." 

1890.  Preparing  ether  upon  a  large  scale,  it  is  found  that  14  parta 
of  alcohol  (specific  gnivity^.820)  mixed  with  an  equal  wei^t  of  flolphu- 
ric  acid  (specific  gravity  1.8,)  and  submitted  to  distillation,  afford dboat 
8  parts  of  impure  ether  (specific  gravity  .770).  To  the  reudmiiii  7 
parts  of  alcohol  may  be  added,  and  about  7}  parts  more  of  impure 
ether  drawn  off.  These  products,  when  mixed,  have  a  specific  gravi- 
ty of  about  .782,  and  when  rectified  by  distillation  on  carbonate  of  po- 
tassa,  afford  10}  parts  of  ether,  of  a  specific  gravity  of  .795,  and  about 
3^  parts  of  ethereal  spirit,  which  is  employed  instead  of  an  equal  quan- 
tity of  alcohol  in  tbe  next  operation. 

1891.  When  ether,  obtained  by  the  usual  process,  is  washed  witb 
its  bulk  of  water,  its  specific  gravity  is  diminished,  and  the  water  em- 
ployed for  washing  it  affords,  on  distillation,  a  considerable  portion  o( 
alcohol.  By  re-distilling  this  washed  ether  with  a  tittle  potassa,  which 
keeps  down  the  water,  or  by  treating  it  with  muriate  of  time,  it  is  ob- 
tained extremely  light  and  pure. 

PrepertJM.  ^^^^-  Sulphuric  ether  is  a  transparent,  colourless  liquid,  of  a  plea- 
sant smell  and  a  pui^ent  taste ;  it  is  highly  exhilaratiBg,  and  produces 
a  degree  of  intoxication  when  its  vapour  is  inhaled  l^  the  aoitrib.' 
Its  specific  gravity  varies  extremely  with  its  purity.  Lowitz  is  said  to 
have  procured  it  as  light  as  «632.  I  have  never  obtained  it  lover  than 
.700 :  and,  as  ordinarily  prepared,  its  specific  gravity  varies  between 
•730  and  .760. 

It  is  extremely  volatile,  and  when  poured  from  one  vessel  into  an- 
other, a  considerable  portion  evaporates  ;  during  its  evaporatioa  from 
sur&ces,  it  produces  intense  cold,  as  may  be  felt  by  pouring  it  upon 
the  hand  ;  and  seen,  by  dropping  it  upon  the  bulb  of  a  thermometer, 
which  sinks  to  many  degrees  below  the  freezing  point  (91).  The  spe- 
cific gravity  of  the  vapour  of  sulphuric  ether,  compared  vrith  atmos- 
pheric air,  is,  according  to  Gay-Lussac,  as  2.586  to  1.000. 

At  mean  pressure,  sulphuric  ether,  when  of  a  specific  gravity  oi 
.720,  boils  at  98^,  and  under  the  exhausted  receiver  of  the  air-pump. 
at  all  temperatures  al>ove — 20®  ;  hence,  were  it  not  for  atmospheric 
pressure,  ether  would  only  be  known  in  the  state  of  vapour. 

In  consequence  of  the  cold  produced  duringtheva^rieationofsal- 
phuric  ether,  the  phaenomena  of  bpiling  and  freezing  may  be  exhibit- 
ed in  the  same  vessel.  For  this  purpose  procure  a  very  thin  flask 
which  fits  loosely  into  a  wjne-glass,  as  shown  in  tbe  margin.    Pouri 
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small  quantity  of  ether  into  the  flask^and  of 
water  into  the  glass,  and  place  the  whole 
under  the  receiver  of  an  air-pump ;  dur- 
ing exhaustion,  the  ether  will  hoil,  and  a 
crust  of  ice  will  gradually  form  upon  the 
exterior  of  the  flask. 

When  subjected  to  a  degree  of  cold 
equal  to  —  46®,  sulphuric  ether  freezes. 

1893.  Ether  dissolves  the  resins,  seve- 
ral of  the  fixed  oils,  and  nearly  sdl  the  vo- 
latile oils ;  it  also  dissolves  a  portion  of 
sul{^hur,  and  of  phosphorus ;  the  latter 
solution  is  beautifully  luminous  when 
poured  upon  warm  water,  in  a  dark  room. 
The  fixed  alcalis  are  not  soluble  in  ether,  but  it  combines  with  ammo- 
nia. 

Ether  dissolves  the  oxides  of  gold  and  platinum,  and  these  solutions 
have  been  employed  for  coating  steel  with  those  metals,  with  a  view 
to  ornament  and  as  a  defence  from  rust.  If  to  a  saturated  solution  of 
gold  or  platinum,  in  nitro-muriatie  acid,  there  be  added  about  3  parts 
by  measure  of  good  sulphuric  ether,  it  sooti  takes  up  the  metals,  leav- 
ing the  acid  nearly  colourless  below  the  ethereal  solution,  which  is  to 
be  carefully  decanted  off;  into  this  the  polished  steel  is  for  an  instant 
plunged,  and  immediately  afterwards  ivashed  in  water,  or  in  a  weak  al- 
caline  solution.  Though  the  coating  of  platinum  is  the  least  beautiful, 
Mr.  Stodart,  who  has  made  many  experiments  upon  this  subject,  con- 
siders it  as  the  best  protection  from  rust.  Polished  brass  may  be  coat- 
ed by  the  same  process.  These  surfaces  <^  gold  and  platinum,  though 
Tery  thin,  are  often  a  useful  protection  :  with  gold  the  experiment  is 
particularly  beautiful,  and  well  illustrates  the  astonishing  divisibility  of 
the  metal.  The  ethereal  solution  of  gold  is  not  permanent,  but,  after 
a  time,  deposits  the  metal  in  the  form  of  a  film,  in  which  crystals  of 
gold  are  often  perceptible. 

1894.  Edier  is  sparingly  soluble  in  water,  and  in  alcohol  it  dissolves 
in  all  proportions.  The  spiritw  astheris  stdphurici  of  the  Pharmuco- 
pmkt^  is  an  alcoholic  solution  of  ether. 

1896.  Ether  is  highly  inflammable,  and  in  consequence  of  its  vo- 
latihty  it  is  often  kindled  by  the  mere  approach  of  a  burning  body ;  a 
circumstance  which  renders  it  highly  dangerous  to  decant,  or  open  ves- 
sels of  ether  near  a  candle. 

The  inflammability  of  etheresd  vapour  may  be  shown  by  passing  a 
small  quantity  into  a  receiver,  furnished  with  a  brass  stop-cock  and 
pipe,  and  inverted  over  water  at  the  temperature  of  100^.  The  re- 
ceiver becomes  filled  with  the  vapour,  which  may  be  propelled  and  in- 
flamed ;  it  bums  with  a  bright  bluish  white  flame. 

1896.  When^ether  is  admitted  to  any  gaseous  body  it  increases  its 
bulk.  Oxygen  thus  expanded,  produces  a  highly  inflammable  mix- 
ture ;  if  the  quantity  of  oxygen  be  lai^e,  and  of  etiier  small,  the  mix- 
ture is  highly  explosive,  and  produces  water  and  carbonic  acid. 

1897.  When  the  vapour  of  ether  is  passed  through  a  red-hot  tube, 
it  is  decomposed,  and  furnishes  a  large  quantity  of  carburetted  hydro* 

gen  gas.     Its  analysb  has  been  performed  in  various  ways  ;  M.  Saus*  ^^^^^  ^^ 
sure,  by  detonating  ethereal  vapour  with  oxygen,  and  ascertaining  tfaej^u!^   ^*~ 
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qoantitjof  carbonic  acid  formed,  and  that  of  oxygefl  conatmned,  n  Iw 

to  consider  the  component  parts  of  ether  as, 

Hydrogen 14.40 

Carbon 67.98 

Oxygen 17.62 

100.00 

tfhich  proportions  are  equivalent  to 

Olefiantgas 100 

Water «6 

Or,  it  maybe  stated  as  consisting  of 

5  proportionals  of  olefiant  gas,  7  X  6  «  36 
J  „  water  91        ^9 

44 

which  numbers,  reduced  to  ultimate  components,  give 

6  proportionals  of  hydrogen  .  •  I  X  6  »  6. 
6  „  carbon  .  .  6X6»50 
1             „  oxygen     .    .  ^   8 

44 

1896.  By  revertiog  to  the  coinposition  of  alcohol,  the  chapge  effect- 
jutionaia  of  ^  ^P^^  ^^  ^^  ^  8ul]^uric  acid  in  the  process  of  etherification  will  be 
eiiMriScatiM  evident,  as  also  the  rationale  of  the  prodactioa  of  ole&nt  gas  (421). 
Alcohol  consists  of 

Olefiant  gaa 100 

Water 60 

If  we  now  remove  the  whole  of  the  water,  which  may  be  efected 
bv  a  due  proportion  of  sulphuric  acid,  we  obtain  olefiant  gas  ooty ;  hutf 
it  we  only  abstract  half  the  water,  we  convert  the  akobol  into  ether ; 
not  that  either  of  these  conversions  are  ever  perfect)^  peifrimed  in 
any  of  our  processes. 

1899.  When  a  little  ether  is  introduced  into  chlorine,  thegK  is  ab« 
sorbed,  and  a  peculiar  compound  results,  in  which  muriatic  acid  is 
venr  perceptible  ;  if  the  ether  be  inflamed,  a  large  quantity  of  char- 
coal is  deposited,  and  muriatic  acid  gas  i^  abundantly  evolved. 

1 900.  If  ether  be  mixed  with  its  bulk  of  sulphuric  acid,  and  sohmt- 
ted  to  distillation,  a  portion  of  it  is  converted  into  a  peculiar  fioidf 
which  has  been  termed  aU  of  Tnne ;  it  is  the  oltwn  oBthereum  of  tite 
Pharmacopeia,  It  has  a  sweetish  taste,  and  a  rich  agreeable  odoar. 
It  does  not  mix  with  water,  but  readily  dissolves  In  ether  and  in  ^Hco- 
hoi.  It  is  very  inflammable,  and  deposits  a  lairge  quantity  of  cariMm 
during  its  combustion,     its  composition  has  not  been  inquired  into. 

1901.  The  residue  of  the  distillation  of  ether  has  been  examiaed 
by  several  chemists.  According  to  Sertuenier,  new  acid  compooaib 
are  produced,  which  he  calls  isnotkiomc  acidi.  (THOMS€»r'8  AimaUym» 
44.)  M.  Vogel,  in  repeating  these  experiments,  allows  the  fimnation 
of  one  new  acid  only,  which  he  calls  sulpkovimut  acid  4  he  obtained  it 
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hj  sataratiiHg  the  residue  of  the  distiUatioii  of  ether  with  caibonate  of 
lead ;  the  liqaor  being  filtered,  contained  a  soluble  ndj)]wvinaU  of 
Itad;  salpharetted  hydrogen  passed  through  this  solution  precipi- 
tated the  lead  and  left  the  pure  acid,  which  is  so  easily  decomposed  by 
heat  as  <Mily  to  admit  of  concentration  by  eyaporation  under  the  ex- 
hausted receiver. 

1902.  SulphownaU  of  Baryta  was  obtained  by  Gay-Lussac,  in  rhom- 
boidal  prisms  terminated  by  a  rhomboidal  pyramid ;  the  crystals  were 
transparent,  and  permanent,  but  easily,  decomposed  by  heat. 

1903.  A  strong  analogy  appears  to  subsist  between  the  hyposul- 
phuric  and  sulphoyinous  acids ;  and  it  will  probably  be  found  tbat  the 
latter  derives  its  peculiarities  from  the  combination  of  a  portion  of  ethe* 
real  oil.-*g9ntia(et  de  ChiunU^  xiii.  ^ftarUrhf  Journal  of  Seitnee  and 
Arts,  ix.  397. 

1904.  When  etiier  is  passed  over  red-hot  platinum  wire,  or  con- 
smned  in  the  lamp  without  flame,  described  in  the  chapter  on  Radiant 
Matter  (191),  a  peculiar  acid  substance  is  produced,  which  has  been 
subjected  to  an  interesting  series  of  expenments,  by  Mr.  J.  F.  Daniell^ 
{QjuarUrly  Jfiwmal  of  Scteace  and  ArU^  vi.  318.)  He  obtained  it  by 
placing  die  lamp,  fflled  with  ether,  and  properly  trimmed  with  a  coil  of 
glowidg  platinum  wire,  under  the  head  of  an  alembic,  in  which  the  va- 
pour was  condensed,  and  collected  in  a  phial  applied  to  its  beak. 

Lampic  octd,  for  so  Mr.  Daniell  has  termed  this  product,  is  colour- 
less, sour,  and  puQgent ;  its  vapour  ib  very  irritating,  and  its  specific 
gravity,  when  purified  by  carefully  driving  off  a  portion  of  alcohol 
which  it  contains,  is  about  1.015.  It  reddens  vegetable  blues,  and  de- 
composes the  alcaline  carbonates  with  effervescence. 

Mr.  Daniell  has  described  many  of  the  combinations  of  this  acid, 
which  he  terms  lampate$^  and  has  given  some  experiments  upon  it/s 
composition,  whence  he  deduces  its  ultimate  components,  as  follow  : 

1  proportional  carbon 6 

1  hydrogen    ...     1 

1  ——water 9 

16 

When  lampic  acid  is  added  to  the  solutions  of  silver,  gold,  platinum^ 
mercury,  and  copper,  and  the  mixture  heated,  the  metals  are  thrown 
dawn  in  the  metallic  state. 

On  distilling  the  lampaie  of  mercury y  made  by  digesting  the  perox- 
ide of  mercury  in  the  acid,  Mr.  Daniell  obtained  the  concentrated  or 
pure  lampic  acid,  in  the  form  of  a  very  dense  liquid  with  an  intensely 
suffocating  odour. 

(.    Nitric  Etbbr. 

1906.  When  strong  nitric  acid  and  alcohol  are  mixed  in  equal  pro- 
portions, a  violent  action  presently  ensues  ;  there  is  a  very  copious 
evolution  of  an  inflammable  aeriform  body,  which  has  been  called  m- 
irom  eikorized  goi^  and  which  appears  to  be  a  compound  of  nitrous 
ether,  and  nitric  oxide.  If  we  endeavour  to  condense  the  volatile  pro- 
ducts, we  find  that  the  receiver  contains  alcohol,  water,  nitrous  ether, 
mtrous  acid,  and  acetic  acid ;  and  that  the  greater  portion  of  the  trffe 
ether  has  made  its  escape  with  the  gnseous  products.    Thenard  has 
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pud  much  attention  to  this  subject,  and  has  given  the  following  pro- 
cess for  obtaining  nitric  ether  {Mimoires  d*  Arcueil,  Tool,  i.^  and 
Train  de  Chimie,  Tom.  iii.,  p.  278.)  : 
Crcpwatkn  IntToduco  into  a  sufficiently  capacious  retort  equal  weights  of  alco- 
hol, (specific  gravity  820)  and  of  nitric  acid  of  commerce  (specific  gn- 
Tity  1.30)  and  connect  it  with  five  Wolfe^s  bottles,  the  first  of  w£cJi 
is  empty,  and  the  remaining  four  half«fiUed  with  a  saturated  solution  of 
salt  in  water.  Apply  a  gentle  heat  to  the  retort,  till  the  liquor  be^ 
to  effervesce ;  then  withdraw  the  fire,  and  the  gaseous  matter  passio^ 
through  the  bottles,  which  should  be  kept  cold  by  ice,  deports  tl)« 
ether  upon  the  saline  solution,  from  which  it  is  to  be  decanted,  shakes 
with  chalk,  and  re-distilled  at  a  very  gentle  heat 

1906.  Nitric  ether,  thus  prepared,  has  the  ibllowing  properties :  It 
has  a  very  powerful  ethereal  odour ;  its  colour  is  pale  yeilow ;  its 
taste  very  pungent ;  its  specific  gravity  above  that  of  alcohol,  but  less 
than  that  of  water.  It  is  more  volatile  than  salphuric  ether,  and  the 
hMt  of  the  hand  is  sufficient  to  produce  its  ebullition.  It  is  sohiUe  in 
48  parts  of  water  ;  and  in  all  proportions  in  alcohol ;  this  last  sdvtion 
is  the  tpiriiui  ^Uheris  nitride  or  gweet  $pirii  of  nitre^  of  the  FharmacO' 
pcsia.  It  is  decomposed  by  keeping*  and  nithc  and  acetic  andi  are 
formed  in  it.    Accordbg  to  Thenard,  nitric  ether  consists  of 

Oxygen 48.52 

Carbon 28.45 

Nitrogen 14.49 

Hydrogen     .......  8.54 

100.00 

Dr.  Thomson  {Sy$tetn,  Vol.  ii.,  p.  341.)  concludes,  from  analogy, 
that  nitric  ether  consists  of  4  proportionals  of  olefiant  gas,  ^  28,  and 
1  of  nitria  acid,  a  64 ;  or,  of 

4  proportionals  of  hydrogen  1X4=4 

4  carbon     6  X  4  =  24 

1  ___^— .  nitrogen  ....     14 

5  — —  oxygen    8  X  S  =  40 

82 

1907.  When  nitric  acid,  holding  mercury  or  silver  in  solution,  is 
added  to  alcohol,  a  white  precipitate  is  formed  during  the  efferves- 
cence that  ensues,  which  is  possessed  of  powerful  detonating  proper- 
ties. 

Fulminating  Mercury  was  discovered  by  Mr.  Howard  who  has  given 
the  following  directions  for  its  preparation :  Dissolve  100  grains  of 
mercury,  in  a  measured  ounce  and  a  half  of  nitric  acid,  by  the  assist- 
ance of  a  gentle  heat ;  pour  this  solution  into  two  measured  ounces  of 
alcohol,  previously  put  into  an  evaporating  basin,  and  apply  a  gentle 
heat  till  an  effervescence  ensues ;  when  tMs  has  ceased,  pour  the  li- 
quid off  the  precipitate  which  falls,  collect  it  upon  a  filter,  wash  it  with 
a  small  quantity  of  water,  and  dry  it  at  a  heat  not  exceeding  212». 

Pulminating  mercury  thus  prepared  is  in  the  form  of  small  crystal- 
line grains,  of  a  whitish  yellow  or  pale  grey  colour.     A  few  grains 
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placed  on  a  smooth  anril  and  strack  mth  a  hammer,  detonate  with  a 
sharp  stunning  report ;  it  also  explodes  hy  friction,  heat,  and  electri- 
city ;  and  hy  the  action  of  concentrated  sulphuric  acid,  though  with  less 
DOise. 

Mr.  Howard  considers  this  powder  as  a  compound  of  oxalate  of  mer- 
cury and  nitrous  etherized  gas  :  Fourcroy,  however,  has  shown  that 
its  composition  varies  a  little,  under  different  circumstances  of  prepar- 
ing it. — Howard,  Phil.  Trans.,  1800. 

1908.  By  a  similar  process  nearly,  a  species  of  fulminating  silver 
may  he  prepared.  (Descotils,  Nicholson's  Journal,  Vol.  xviii.) 
Upon  three  drachms  of  powdered  nitrate  of  silver,  pour  two  ounces 
and  a  half  of  alcohol,  and  add  seven  drachms,  by  measure,  of  nitric 
acid.  When  the  effervescence  has  nearly  ceased  add  a  little  water, 
wash  the  precipitate,  and  dry  it  in  the  open  air,  secluded  from  light. — 
Accum's  Chemical  Amusement,  3d  edit.,  p.  102. 

This  very  dangerous  compound  explodes  upon  slight  friction,  or 
when  gently  heated,  or  touched  with  sulphuric  acid,  and,  upon  the  con- 
tact of  a  sharp  piece  of  glass  or  rock  crystal,  it  detonates  even  under 
water ;  an  electric  spark  also  occasions  its  explosion. 

When  exploded  under  slight  pressure  in  contact  of  gunpowder,  it  in- 
flames it. 

The  composition  of  this  species  of  fulminating  silver  has  not  been 
ascertained  with  precision  ;  indeed,  the  subject  is  one  of  extreme  dif- 
ficulty, in  consequence  of  the  new  products  that  are  formed  by  its  sud- 
den decomposition. 

c.     Muriatic  Ether. 

1909.  Muriatic  etlier  was  thus  ohtained  by  Then^rd,  (Mhnairs  d*  PrtfutHon. 
Arcueil,  Tom.  i.)  :  Equal  measures  of  strong  liquid  muriatic  acid,  and 
highly  rectified  alcohol,  arc  put  into  a  retort  communicating  with  a 
receiver,  from  which  a  tube  passes  into  a  Wolfe's  bottle  containing 

warm  water,  and  having  a  tube  of  safety  :  from  this  there  issues  a 
bent  tube  passing  into  a  bottle  surrounded  by  ice.  On  applying  heat 
to  the  retort,  a  portion  of  alcohol  and  ncid  psiss  into  the  first  receiver, 
and  the  ether  in  a  gaseous  state  escapes  through  the  warm  water  and 
the  bent  tube,  and  is  condensed  in  the  cold  vessel. 

1910.  At  a  temperature  somewhat  below  TO^  muriatic  ether  passes 
into  the  state  of  vapour,  of  which  the  specific  gravity  is  about  2.220, 
that  of  air  being  1.000 ;  it  is  highly  inflammable,  its  taste  sweetish  and 
ethereal,  and  it  is  soluble  in  its  own  bulk  of  water  at  64<*.  Its  speci- 
fic gravity  in  a  liquid  state,  at  40^ ^  is  .870.  It  is  remarkable  that  this 
ether  does  not  affect  vegetable  blues,  nor  does  it  afford  traces  of  chlo- 
rine to  the  usual  tests  ;  but,  when  burned,  muriatic  acid  is  immediate- 
ly perceptible. 

1911.  According  to  Thenard,  this  ether,  contains 

Muriatic  acid    29.44  ^ 

Carbon 36  61 

Oxygen 23.31 

Hydrogen 10.64  *'"" 

100.00 
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Dr.  ThomioD  considers  muriatic  ether  as  a  compound  of  four  pn>- 
portionab  of  defiant  gas,  and  one  of  muriatic  acid ;  hence  it  wooU 

contain 

6  proportionals  of  hydrogen     1X6=     6, 

4  carbon         6X4=  24. 

]  ........^.-— ^  chlorine 36 

65 
d.     Hypriooic  Ether. 

1912.  By  distilling  two  measures  of  alcohol,  with  one  of  concen- 
trated liquid  hydriodic  acid,  Gay-Lussac  obtained  an  ethereal  liquid,  oi 
a  specific  gravity  of  1.920  at  72**,  and  requiring  a  temperature  of  1I8« 
for  its  ebullition.  Its  properties  have  not  been  very  satisfactorily  in- 
vestigated, nor  have  any  accurate  experiments  demonstrated  its  coiupo* 
sition. — Jhnnales  de  Chimie,  xci. 

Acetout  Fermentation. 

1913.  When  any  of  the  vinous  liquors  are  exposed  to  the  free  ac- 
cess of  atmospheric  air  at  a  temperature  of  80<*  or  Bo**,  they  undergo 
a  second  fermentation,  terminating  in  the  production  of  a  sour  liquid, 
called  vinegar.  During  this  process  a  portion  of  the  oxygen  of  the 
air  is  converted  into  carbonic  acid ;  hence,  unlike  vinous  fennentatioo, 
the  contact  of  the  atmosphere  is  necessary,  and  the  most  obTious  pbx- 
Domenon  is  the  removal  of  carbon  from  the  beer  or  wine  ;  the  vine- 
gar of  this  country  is  usually  obtained  from  malt  liquor,  while  wine  is 
employed  as  its  source  in  those  countries  where  the  grape  is  abundant- 
ly cultivated. 

1914.  The  colour  of  vinegar  varies  .according  to  materials  from 
which  it  has  been  obtained ;  that  manufactured  in  England  is  generally 
artificially  coloured  with  burnt  sugar  :  its  taste  and  smell  are  agreeably 
acid.     Its  specific  gravity  is  liable  to  much  variation  ;  it  seldom  ex- 
ceeds 1.0250.     When  exposed  to  the  air  it  becomes  mouldy  and  pu- 
trid, chiefly  in  consequence  of  the  mucilage  which  it  contains,  and 
from  which  it  may  be  in  some  measure  purified  by  careful  distiUatioo. 
According  to  Mr.  R.  PhilUps,  {Renuirks  on  the  London  Pkamutcopteiay) 
when  good  malt  vinegar  of  the  specific  gravity  of  1.020  is  distilled,  the 
first  eighth  that  passes  over  is  of  the  specific  gravity  0.997 ;  the  next 
six-eighths  are  of  specific  gravity  1.0023,  and  a  fluid  ounce  decom- 
poses 8.12  grains  of  precipitated  carbonate  of  lime.     The  lightness  of 
the  first  portion  is  owing  to  its  containing  alcohol,  consequently,  in  the 
Pkarmacopaia  process  it  is  ordered  to  be  rejected .     The  term  dt^iM 
vinegar^  or  dilute  acetic  acid^  is  properly  applied  to  the  second  portion ; 
it  is  erroneously  called  acetic  acid,  in  the  Pharmacopeia,     The  matter 
which  remains  in  the  still  is  empyreumatic,  and  generally  contains 
some  other  vegetable  acids  :  when  the  vinegar  has  been  adulterated, 
which  is  not  unfrequently  the  case,  we  sometimes  find  in  it  mniiatic 
and  sulphuric  acids. 

1915.  Distilled  vinegar  is  colourless,  and  of  a  flat  acid  taste;  it  con- 
sists essentiallv  of  the  real  acid  diluted  with  water.  To  obtain  acaic 
acid,  or,  as  it  has  been  sometimes  called,  radical  vinegar^  distilled  ti- 
negar  may  be  saturated  with  some  metallic  oxide,  and  the  acetate  thus 
obtained,  subsequently  decomposed. 
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.  1 9lB .  Acetic  acid  is  thns  procured  by  distilling  acetate  of  copper,  or 
trystallized  verdigris,  in  a  glass  retort  heated  gradually  to  redness  :  it 
requires  re-distillation  to  &ee  it  from  a  little  oxide  of  copper  which 
passes  over  in  the  first  instance.  Acetic  acid  may  also  be  obtained  by 
distilling  acetate  of  soda  or  acetate  of  lead  with  half  its  weight  of  sulphu- 
ric acid  :  or  from  a  mixture  of  equal  parts  of  sulphate  of  copper  and 
acetate  of  lead ;  in  these  cases,  the  acid  passes  over  at  a  moderate  tem- 
perature. 

1917.  A  considerable  quantity  of  acetic  acid  is  also  now  procured 
bjr  the  distillation  of  wood  in  the  process  of  preparing  charcoal  for  the 
manufacture  of  gunpowder.  The  liquor  at  first  procured  is  usually 
termed  pyroligneous  acid;  it  is  empyreumatic  and  impure,  and  seve- 
ral processes  have  been  contrived  to  free  it  from  tar  and  other  matters 
which  it  contains.  It  may  be  saturated  with  chalk  and  evaporated,  by 
which  an  impure  acetate  of  lime  will  be  obtained,  and  which,  mixed 
with  sulphate  of  soda,  furnishes,  by  double  decomposition,  sulphate  of 
lime  and  acetate  of  soda  :  the  latter  distilled  with  sulphuric  acid  afibrds 
a  sufficiently  pure  acetic  acid,  which  by  dilution  with  water  may  be 
reduced  to  any  required  strength.  The  purification  of  this  acid  has 
been  brought  to  great  perfection  by  Dr.  Bollman. 

1918.  Acetic  acid  obtained  by  these  processes  is  transparent  and 
colourless,  its  odour  highly  pungent  and  it  blisters  and  excoriates  when 
applied  to  the  skin.  Its  specific  gravity  is  1.080.  It  is  extremely 
volatile,  and  its  vapour  readily  bums.  It  combines  in  all  proportions 
with  water,  and  when  considerably  diluted,  resembles  distilled  vinegar. 
When  highly  concentrated,  it  crystallizes  at  the  temperature  of  40^, 
but  liquefies  when  its  heat  is  a  little  above  that  point. 

1919.  According  to  Berzelius,  whose  analysis  of  acetic  acid  was  very 
carefully  conducted,  (Thomson's  Annalsy  Vol.  iv.)  its  ultimate  compo- 
nents are 

Carbon 46.83 

Oxygen 46.82 

Hydrogen 6.36 

100.00 
These  numbers  reduced  to  definite  proportionals,  are 

3  proportionab  of  hydrogen  1X3=3 

4  carbon       6   x   4  s=  24 

3  oxygen      8   X  3  =  24 

51 

Hence  we  see  that  there  is  no  excess  of  oxygen  in  acetic  acid,  bBt 
that  it  consists  of 

3  proportionals  of  water    9  X  3  =  27 

4  .  carbon  6  X  4  =  24 

61 

The  .chemist  above  quoted  has  given  the  compositiop  of  acetate  oi 
lead,  at  100  acid  +  217.5  oxide  of  lead,  and 

217.6  :  100  ::   11«  :  61.4 
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80  thai  the  number  61.5  may  safely  be  adopted  as  tbe  represenfatire 
of  acetic  acid. 

1920.  The  acetates  are  all  soluble  in  water,  and  mostly  Tery  tola- 
ble:  many  of  them  are  deliquescent,  and  difficultly  crystallizable . 
they  are  decomposed  by  sulphuric  acid,  and  when  submitted  to  des- 
tructive distillation,  furnish  a  modified  vinegar,  whiob  has  been  tens- 
ed pyroacetic  acid  or  spirit :  these  decompositions  have  been  fully  is- 
▼estigated,  and  the  properties  of  the  pyroacetic  spirit  inquired  into,  bj 
Mr.  Chenevix* — JnnaUtdeCkimie^xlvi. 

The  following  are  among  the  most  important  of  the  acetates : 

1921.  Acttatt  of  Ammonia  is  a  very  deliquescent,  soluble  salt,  and 
extremely  difficultly  crystallizable.  In  solution,  obtained  by  satoritiog 
distilled  vinegar  with  carbonate  of  ammonia,  it  constitutes  the  U^wr 
ammonift  acetiUis  of  the  Phartnacopma^  wliich  has  long  been  used  is 
medicine  as  a  diaphoretic,  under  the  name  of  spirit  of  MindtrtruL 

1922.  AceUUt  of  Potas$a  \»  usoally  formed  by  saturatii^  distilled 
vincfar  with  carbonate  of  potassa,  and  evaporating  todryncsi.  If  this 
salt  he  carefully  fused,  it  concretes  into  a  lamellar  deliqoescent  manoo 
cooling.  It  is  the  Urra  foLidta  tartaric  und  febrifuge  tail  of  S|bt«i  of 
old  pharmacy.  It  dissolves  in  its  own  wein^t  of  water  at60*,«idtbe 
solution  has  an  acrid  saline  taste.  It  consists  of  one  proportioaai  of 
each  of  its  components,  or  48  potassa  +61.5  acetic  acid  a  99.5  ace- 
tate of  potassa. 

1923.  Acetate  of  Soda  forms  prismatic  crystals,  not  deliquescent,  of 
an  acrid  bitterish  taste,  and  soluble  in  rather  less  than  three  parts  of  wa« 
ter  at  60^.  It  is  the  terra  foliata  cryatallisaUi  of  old  writers.  It  con- 
sists of  32.  soda  +  61  5  acetic  acid. 

1924.  Acetate  of  Lime^  is  a  difficultly  crystallizable  salt,  readily  so- 
luble  in  water,  and  of  a  bitter  saline  taste  ;  consbtiog  of  2B  lime  + 
61.6  acid.  It  is  sometimes  obtained  by  saturating  the  vinegar  formed 
during  the  distillation  of  wood,  and  employed  in  the  preparation  of 
acetate  of  a/nmifia,  which  is  used  by  the  calico-printers  as  a  mordant. 

1925.  Acetate  of  Baryta  furnishes  acicular  crystals  of  a  sour  and 
bitterish  taste  :  in  cold  weather  the  concentrated  solution  congeab  in- 
to a  silky  congeries  of  crystals.  It  requires  rather  more  than  its  own 
weight  of  water  at  60^  for  solution,  and  consists  of  51.6  acid  +  7B. 
baryta. 

1926.  Acetate  of  Strontia  fiirnisbes  small  permanent  ciyitab,  con- 
sisting of  61  6  acid  +  52  strontia. 

1927.  Acetate  of  Magnesia  is  uncrystaUizable,  and  of  a  bitterish 
sweet  taste.     It  consists  of  51.5  acid  +  20  magnesia. 

1928.  Acetate  of  Manganese^  formed  by  dissolving  the  protocaibonate 
n  acetic;;  acid,  crystallizes  in  rhomboidal  tables,  permanent,  and  of  a 

reddish  i;olour  and  astringent  metallic  taste,  soluble  in  3^  parts  of  water 
at  60^.  They  consist  of  70  acid  and  water  +  30  protoxide  of  man- 
ganese.— JW^ivGehlen^s  journal,  iv. 

1 929.  Acetate  of  Iron.  The  acetic  acid  combines  with  both  oiides 
of  iron.  Tbe  protacetate  is  formed  by  digesting  sulphuret  of  iron  in 
acetic  acid  ;  it  yields  green  prismatic  crystals,  of  a  styptic  taste,  and 
readily  soluble  in  water ;  the  solution  becomes  brown  by  exposure  to 
air,  and  passes  into  peracetate^  which  is  uncrystallizable,  and  obtained 
by  digesting  iron  in  acetic  acid.  This  compound  is  extensively  osed 
by  calico-printers,  who  prepare  it  either  by  digesting  iron  in  pyrolig 
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neous  acid,  or  by  mixing  solation  of  acetate  of  lead  with  aulphate  of 
iron,  and  exposing  the  filtered  solution  to  air. 

1930.  Acetate  of  Zinc  is  formed  either  by  diasolving  oxide  of  zinc  in 
acetic  acid,  or  by  mixing  a  solution  of  sulphate  of  zinc  with  one  of 
acetate  of  lead.  It  crystallizes  in  thin  shining  plates  of  a  bitter  and 
metallic  taste,  very  soluble,  but  not  deliquescent.  This  salt  is  some- 
times used  in  pharmacy,  chiefly  as  an  external  application.  According 
to  Messrs.  Aikin,  the  specific  gravity  of  a  saturated  solution  of  acetate 
of  zinc,  made  my  digesting  the  salt  in  distilled  vinegar,  is  1065.  0£ 
this  solution  900  grains  contain  63  of  dry,  or  82.6  of  crystallized  ace- 
tate. One  ounce  by  measure  of  the  solution  weighs  606  grains,  and 
contains  29.8  grains  of  dry,  or  46.6  grains  of  crysUillized  salL 

1931 .  Acetate  of  Tin.  This  metal  is  slowly  acted  on  by  acetic  acid, 
but  a  protaceiaie  and  peracetate  of  tin  may  be  made  by  mixing  acetate 
of  lead  with  saturated  solutions  of  the  protomuriate  and  permuriate  of 
tin.  These  solutions  .have  been  recommended  as  mordants  for  the  use 
of  dyers.  The  protacetate  is  crystallizable.  Vinegar  kept  in  tin  ves- 
sels dissolves  a  very  minute  portion  of  the  metal ;  and  in  pewter  ves- 
sels it  likewise  dissolves  a  small  portion  of  the  lead,  where  in  contact 
both  with  the  vinegar  and  air  ;  hence  distilled  vinegar,  which  has  been 
condensed  in  a  pewter  worm,  affords  generally  traces  of  both  metab. — 
Vau^uelin,  Annates  de  C^tWe,  xxxii. 

1932.  Acetate  of  Copper.  By  exposing  copper  to  the  fumes  of  vine- 
gar, it  becomes  gradually  incru»ted  with  a  green  powder  called  verdi^ 
gri$t  which  is  separable  by  the  action  of  lyater,  into  an  insoluble  suba- 
cetate  of  copper ^  and  a  soluble  acetate. 

Acetate  of  copper  may  be  obtained  by  d^est^ig  verdigris,  or  oxide 
of  copper,  in  acetic  acid ;  by  evaporating  this  solotion,  it  is  obtained  in 
prismatic  crystals  of  a  fine  green  tint.  It  dissolves  sparingly  in  water 
and  alcohol,  and  communicates  a  beautiful  blue-green  colour  to  the 
flame  of  the  latter  ;  by  distillation  it  affords  a  very  pure  acetic  acid. 
According  to  Dr.  Thomson^  acetate  of  copper,  in  its  crystallized  state, 
consists  of 

I  proportional  of  acid 61.6 

1  ; oxide  of  copper    ...    72. 

8  water 72. 

196.6 

1933.  Acetate  of  Lead^  is  the  eugar  of  lead^  and  salt  of  Saturn  of 
the  old  chemists  :  it  may  be  regarded  as  the  moat  important  of  the  ace- 
tates ;  it  is  used  in  pharmacy,  and  by  dyers  and  calico-printers  for  the 
preparation  of  acetate  of  alumina  and  of  iron,  which  are  formed  by 
mixing  its  solution  with  that  of  the  sulphates  of  those  metals,  an  inso- 
luble sulphate  of  lead  being  at  the  same  time  produced.  Acetate  of 
lead  is  formed  by  digesting  the  carbonate  in  distilled  vinegar,  or  in  the 
acetic  acid  obtained  by  the  destructive  distillation  of  wood  ;  it  usually 
occurs  ib  masses  composed  of  acicular  crystals  ;  but  by  careful  crystal- 
lization it  may  be  obtained  in  quadrangular  prisms.  Its  taste  is  sweet 
and  astringent,  and  it  is  soluble  in  about  four  parts  of  water  at  60*.  It 
is  sometimes  improperly  termed  a  superacetate,  but  the  salt  is  neutral, 
though  when  dissolved  in  water  containing  the  smallest  portion  of  car- 
bonic acid,  a  white  insoluble  compound  of  lead  falls,  and  a  little  acetic 
acid  being  liberated,  the  solution  is  rendered  sour. 
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Carljdnic  acid  passed  through  a  solution  of  acetate  of  lead,  predpi' 
tatcs,  US  I  am  informed  by  Mr.  James  South,  exactly  half  the  qoantit; 
of  the  oxide  which  the  salt  contains  ;  hence  a  binacetate  is  probablv 
formed  which  however  docs  not  afford  crystals. 

According  to  the  experiments  of  Berzelius,  acetate  of  lead  consist; 
of 

Acetic  acid 26.97 

Protoxide  of  lead 68.71 

Water 14.32 

100 
hence  the  dry  acetate  is  composed  of 

1  proportional  of  acetic  acid 51.5 

1 yellow  oxide  of  lead  .  *.  .   112. 

163.5 

When  acetate  of  lead  is  submitted  to  destructive  distillation  it  fur- 
nishes a  considerable  quantity  of  a  peculiar  fluid,  smelling  and  bnnung 
like  alcohol. — Procst,  Journal  de  Physique^  Tom.  Ivi. 

1934.  When  100  parts  of  sugar  of  lead  arc  boiled  in  water  with 
about  160  of  yellow  oxide,  or  of  linely  powdered  litharge,  a  salt  is  ob- 
tained which  crystallizes  in  plntes,  and  is  less  sweet  and  soluble  tl»o 
the  acetate  ;  it  has  been  termed  subacttait  of  lead,  and  consists  accord- 
ing to  Berzelius  of  1  proportional  of  acid  =  51.6  +  3  proportionals 
of  oxide  of  lead  336.  This  compound  has  long  been  used  in  pharma- 
cy, under  the  name  of  Goalard^s  extract  of  lead.  It  is  very  rapidlj 
precipitated  by  carbonic  acid,  of  which  it  is  a  most  delicate  test ;  it 
also  has  a  strong  attraction  for  vegetable  colouring  matter,  upon  which 
principle  I  employed  it  in  my  analysis  of  wines. — PkU,  Trani,^  1813. 

1935.  Acetate  of  Antimony,  formed  by  digesting  the  protoxid[e  in  ace- 
tic acid,  was  once  employed  as  an  emetic. 

1936.  Acetate  of  Biitnuth  may  be  formed  by  adding  nitrate  of  bis- 
muth to  a  concentrated  solution  of  acetate  of  potassa  ;  a  precipitate 
falls,  which  re-dis«Jolv«s  on  the  application  of  heat,  and  afterwardjj  af- 
fords scaly  crystals.  The  addition  of  acetic  acid  to  nitrate  of  bismuth 
prevents  its  precipitation  when  diluted. — Morveac,  Encyd,  Method, 
Chimic,  i.  10. 

1937.  Acetate  of  Cobalt  may  be  obtained  by  digesting  oxide  of  cobalt 
in  acetic  acid  ;  it  is  uncrystallizable,  and  furnishes  a  sympathetic  ink, 
colourless  when  cold,  but  blue  when  heated. 

1938.  Acetate  of  Uranium  forms  four-sided  prismatic  crystals  of  a 
yellow  colour. 

1939.  Acetate  of  Titanium,  not  examined. 

1940.  Acetate  of  Cerium.  Recently  precipitated  oxide  of  ccriwn 
readily  dissolves  in  acetic  acid,  and  yields  small  crystals  on  evaporatioD, 
of  a  sweetish  taste,  permanent,  and  readily  soluble  in  water. — Hisis- 
CER  and  Berzelius,  Gehlen's  Journal,  ii.  414. 

1941.  Acetate  of  A''ickel  forms  green  rhomboid;il  crystals. 

1942.  Acetate  of  Mercury.  Protacetate  of  Mercury  is  most  "readily 
formed  by  mixing  a  Solution  of  protonitrate  of  mercury  with  acetate  of 
potassa.  For  this  purpose  dissolve  three  ounces  of  mercury  in  about 
four  ounces  and  a  half  of  cold  nitric  acid,  and  mix  tkis  solution  with 
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three  ooDces  of  acetate  of  potassa  previously  dissolved  in  eight  pints 
of  boiling  water,  and  set  the  whole  aside  to  crystallize,  which  takes 
place  as  the  liquor  cools,  and  the  acetate  of  mercury  then  separates  in 
the  form  of  micaceous  crystalline  plates,  which  are  to  he  washed  in 
cold  water,  and  dried  on  blotting  paper.  {Edinburgh  PharmacopcRia.) 
In  preparing  this  salt,  the  quantity  of  water  for  dissolving  the  acetate 
need  not  be  so  large  as  above  directed,  one  pint  being  sufficient,  but  it 
is  necessary  to  pour  the  mercurial  solution  into  the  acetate.  This  salt 
has  an  acrid  taste,  and  is  very  difficultly  soluble  in  water,  requiring, 
according  to  Braconnot,  {Annates  de  Cliimie,  Ixxxvi.  92.)  600  parts  of 
< water.     It  is  insoluble  in  alcohol.     It  was  once  used  in  medicine. 

1943  Perctcetate  of  Mercury  is  formed  by  digesting  the  peroxide  m 
acetic  acid  ;  it  does  not  crystallize,  and  affords  on  evaporation  a  deli- 
quescent yellow  mass,  which  is  decomposed  by  water  into  a  superper- 
acetate,  which  remains  dissolved  ;  and  an  insoluble  suhper acetate, — 
Proust,  Journal  de  Phys,,  Ivi. 

1944.  Acetate  of  Silver  is  obtained  by  boiling  the  acid  on  oxide  of 
silver,  or  by  mixing  solutions  of  acetate  of  potassa  and  nitrate  of  silver  ; 
it  forms  acicular  crystals  of  an  acrid  metallic  taste. 

1945.  Acetate  of  Alumina.  This  salt  is  extensively  employed  by 
calico-printers  as  a  mordant  or  basis  for  fixing  colours  ;  they  produce 
it  by  mixing  solutions  of  alum  and  acetate  of  lead :  about  three  pounds 
of  alum  are  dissolved  in  eight  gallons  of  water  and  a  pound  and  a  half 
of  sugar  of  lead  stirred  into  it ;  a  copious  formation  of  sulphate  Y)f  lead 
ensues  which  is  allowed  to  subside,  and  the  clean  liquor  holding  acetate 
of  alumina  and  a  portion  of  undecomposed  alum  in  solution,  is  then  drawn 
off,  a  portion  of  pearlash  and  chalk  being  added  to  it  previous  to  use, 
in  order  to  saturate  any  excess  of  acid. 

Acetate  of  alumina,  formed  by  digesting  recently  precipitated  alumina 
iu  acetic  acid,  may  be  procured  in  deliquescent  acicular  crystals  of  an 
astringent  taste,  and  containing,  accordii^  to  Richter,  7.S.81  acid  + 
26.19  alumina  :  hence  it  is  probably  a  hinaceiaie. 

When  acetic  acid  and  alcohol  are  repeatedly  distilled  together,  a  por- 
tion of  acetic  ether  is  formed,  which  has  a  peculiar  and  agreeable  taste 
and  smell,  and  a  specific  gravity  of  about  .&60  at  60"^.  It  boils  at  about 
160°,  is  highly  inflammable,  and  emits  acetic  acid  among  its  products  of 
combustion.  This  ether  is  directed  in  some  of  the  foreign  FhaiinaQo- 
poeis  for  medical  use,  and  the  following  is  perhaps  the  best  process  for 
its  production.  Introduce  into  a  tubulated  retort  3  parts  of  acetate  of 
potassa,  3  of  alcohol,  and  2  of  sulphuric  acid,  and  distil  to  dryness. 
To  the  product  &dd  one-fifth  its  weight  of  sulphuric  acid,  and  draw  off 
by  a  gentle  heat  a  quantity  of  ether  equal  to  that  of  the  alcohol  origin- 
ally employed. 

Acetic  ether  is  much  more  soluble  in  water  than  sulphuric  ether  : 
according  to  M  Thenard,  water  at  60**  dissolves  about  a  7.6  part  of 
its  weight,  and  the  solution  is  permanent.  Caustic  potassa  decomposes 
it,  and  forms  acetate  of  potassa. 

Oxalic,  citric,  tartaric,  and  benzoic  acids  have  been  employed  in  the 
formation  of  ethers  ;  the  prescence  of  a  mineral  acid  is  indispensable 
to  their  formation. — Ure's  Dictionary y  Art.  Ether. 
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CHAPTER  IX. 

Of  AUtnal  Subitances. 

1946.  The  different  sections  of  this  chiqpter  will  cootain  ao  accoom 
of  the  altimate  and  proximate  principles  of  the  sabstances  beloDf^ios; 
to  the  animal  creation,  of  the  different  methods  of  analysis  bj  whicb 
these  principles  are  obtained,  and  of  such  of  the  animal  fimctions  ar 
are  concerned  in  their  production,  where  these  are  susceptible  of 
chemical  elucidation. 


vSection  1.     Of  the  ultimate  Principles  of  Amnud  Mattery  mi  of 
the  Products  of  its  de^ructive  Distillation. 

1947.  The  proximate  principles  of  the  animal  creation  consist,  like 
those  of  Tegetables,  of  a  few  elementary  substances,  which  by  combi- 
nation in  various  proportions,  give  rise  to  their  numerous  Tarietie»» 
Carbon,  hydrogen,  oxygen,  and  nitrogen,  are  the  pnncipal  aidnute 
elements  of  animal  matter  ;  and  phosphorus  and  sulphur  are  also  often 

ffiuvfea.  conuined  in  it  The  presence  of  nitrogen  coostitotes  the  most  strik- 
ing peculiarity  of  animal,  compared  with  vegetable  bodies ;  but  as  some 
vegetables  contain  nitrogen,  so  there  are  akoceitain  animal  priociples, 
into  the  composition  of  which  it  does  not  enter. 

1948.  The  presence  of  nitrogen  stamps  a  pecuUantj  upon  the  pro- 
ducts  obtained  by  the  destructive  distillation  of  animal  matter,  and 
which  are  characterized  by  the  presence  of  ammonia,  formed  bj  the 
union  of  the  hydrogen  with  the  nitrogen.  It  is  sometiioes  so  abao- 
danUy  generated  ais  to  be  the  leading  product ;  thus,  when  bom,  boof^f 
or  bones,  are  distilled  per  ae,  a  quantity  of  solid  carbonate  of  ammonia, 
and  of  the  same  substance  combined  with  empyrfeumatic  oil,  and  dis- 
solved in  water,  are  obtained  ;  hence  the  pharmaceutical  preparations 
called  spirit  and  salt  of  hartshorn^  and  DippePs  animal  oiL  Occasion- 
ally the  acetic,  benzoic,  and  some  other  acids  are  formed  by  tbe  ope- 
ration of  heat  on  animal  bodies,  and  these  are  found  itntted  to  the  am- 
monia ;  cyanogen  and  hydrocyanic  acid  also  frequently  occur. 

If  the  gas  evolved  during  the  decomposition  of  animal  bodies  be 
CttiMMtiU   oamined,  it  is  generally  in£immable,  and  consists  of  carburetted  bj* 
hyaraffea.     drogen,  often  with  a  little  sulphuretted  and  phosphuretted  hydrogen ; 
carbonic  oxide,  carbonic  acid,  and  nitrogen,  are  also  sometimes  detect- 
ed in  it.        . 

The  coal  remaining  in  the  retort  is  commonly  very  difficult  of  inci- 
neration, a  circumstance  depending  upon  the  common  salt  and  phos- 
phate of  lime,  which  it  usually  contains,  forming  a  glaze  upon  itssar- 
iace  which  defends  the  carbon  from  the  action  of  the  air.  Animv 
charcoal  is  also  fouid  to  be  more  effectual  in  destroying  colour  ano 
smell,  than  that  obtained  from  vegetables.  (387.) 
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1949.  By  ihe  term  putrefaction  we  mean  the  changes  which  deadPitn&ction. 
animal  matter  undergoes,  and  by  which  it  is  slowly  resolved  into  new 
products.    These  changes  require  a  d«e  temperature,  and  the  presence 
of  moisture ;  for  below  the  freezing  point  of  water,  or  when  perfectly 
dry,  a  uiidei^oes  no  dieralion. 

During  patre&ction  the  parts  feeoome  soft  and  flabby,  tbey  whangs 
in  odour,  eochale  a  nawsecrus  .and  diagDatiiig  odour,  diminash  •ooMider- 
Mj  m  weight,  and  afibrd  sereml  nfiw  pilodiicts,  some  of  wUdi  eiKap* 
in  a  gaseous  frrm,  otdtets  mn  eff  tn  a  latpmd  stale,  and  otbers  'art  gob* 
tatned  in  the  fat^,  or  earthy  rfewtainL 

Tbe  presence  •£  asr,  tboogh  not  aeoesaary  lo  pstr^actwii,  ottteti^ 
aily  acoelerales  k,  and  those  gases  wbidi  contain  tio  oxy^^n,  «re  very 
efficieoft  in  checking  or  akognther  preventing  the  pmceas.  Cerbonte 
acid  also  remarkably  retards  putrefaction ;  and  if  boiled  meat  becareoAaUMpti«s. 
fDUy  confined  in  Tes«efa  cootniog  that  gas,  it  remaitm  for  a  very  long 
tme  «ttchanged,  us  seen  in  M  AppeitH)  method  of  preserving  meat. 

There  nre  eeverai  vnbetanees  winch,  by  forming  new  codSmiatioQs 
wkh  aninad  matter,  reterd  or  pircrvenit  putrefiction,  such  as  many  of 
the  saline  and  metaUiccompoimds;  eugar,  afeebol,  veiatiie  oils,  acetic 
acid,  and  aiiany  eOier  vegertidrfe  snMancea  als^  stand  in  tl^e  list  of  anti- 
fwtnefactives,  thongli  ft^ir  aoite  ef  ^operatng  Is  by  no  means  underr 
stood. 

I960.  The  effluvia  wkioh  arise  from  putieaowHft  sttbstanees,  and 
ttore  especiaUy  those  generated  in  csrrtara  pirtiii  dieoniera,  faav«  a 
tendency  to  cMnte  pecAar  4ttwmeft,  or  to  giire  the  Mviog  body  a  ten- 
Henley  to  produce  poisons  analogoms  to  themsehpes.  An  atiMisphere 
ihvs  tainted  by  infeetlmis  omtter,  «iay  Ik  vondered  hannlefts  by  ftimi- 
^tion  wiGh  the  rolalile  acids,  more  etpeoiaUy  the  nitroos  and  &e  mn- 
tietic ;  dflonie  is  idso  Tery  efiecteai :  the  vi^ur  of  vinegar,  though 
sometimes  useful  in  covering  a  bad  smell,  is  not  to  be  relied  on.  ft 
appears  etident  tiut  the  acid  and  ehiorine  not  chemicalty  upon  the 
peraioions  auitter,  and  teaoive  it  inte  imacveoa  principles. 

1951.  When  mascnlar  Aealiis  imittersedin  a  stream  of  ranniag  wa- 
ter, it  is  partially  converted  into  a  substance  having  many  of  the  pro- 
perties of  M  combined  with  a  pnrtien  of  ammonia.    The  same  changes  aoipmn. 
have  been  observsed  where  laige  messes  of  putrefying  animal  matter 
have  been  heaped  together,  (mt  where  water  has  had  oocasioual  access 

to  it.    Nitrate 'if  ammonia  is  rimaonKStiiMl  ibittted  under  the  same 
circumstances. 

1952.  Instetd  of  considering  the  pnaoBMite  ftinoipies  of  animals 
under  sepanfte  sections,  as  has  been  daaa^tevegarl  to  v^etable  bodies 
I  shall  make  them  known  under  the^eais -of  those  sabstences  in  which 
they  occur,  the  pnacipal  of  which  are  the  following : 

U  Bteod.    Albumen.    Colouring  Matter. 

2.  Milk.    Sugar  of  Milk. 

3.  Btte.    ResWi  of  Bile. 

4.  i^mph.    Mucas.    Synovia,  Pus,  4«. 
5*  yrine.    Urea.    Uraary  CaktiiL 

6.  Skin.    Mtimbit. 

7.  Mttscte.    LignMat.    Hiiti.    fUr. 

5.  fat    Spemaeeti)  4^. 
9.  -Cerebral  substance. 

10«   <lteU  aad  Bone. 
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Sbctiqk  il.     Of  ihe  Blood. 

1053.  In  the  higher  orden  of  animals  the  hlood  if  of  a  red  €<da8r. 
Bond  in  the  arteries,  and  dingy  in  the  veins.  The  specific  grafity  oi 
human  blood  is  liable  to  some  vatiation.  I  have  foond  it  as  loir  » 
1.050  and  as  high  as  1.070,  bat  am  unable  to  refer  to  any  citciud- 
stances  which  tmf^t  be  considered  as  the  cause  of  this  difference. 

When  blood  is  drawn  from  its  vessels  in  the  living  animal,  it  soon 
concretes  into  a  jellv-like  mass,  which  afterwards  gradually  sepuates 
into  a  fluid  tervmy  of  a  pale  straw  colonr,  and  a  coagalated  cranajnes- 
(urn,  or  cruor,  which  is  red.  The  cause  of  this  coaguktioo  k  quite 
unknown. 

1954.  The  specific  gravity  of  the  seram  of  the  blood,  is  apon  as  are- 
r^  1.030,  It  reddens  the  yellow  of  turmeric,  and  cbaogei  tte  Mae 
of  violets  to  green,  a  properly  derived  from  a  portion  of  soda.  At  a 
temperature  of  160^,  it  becomes  a  firm  yellowish  whste  coaplam,  re- 
sembling in  appearance  and  properties  the  coagalated  while  of  e^, 
and,  as  the  principle  to  which  this  property  is  owing  is  the  sane  in 
both  substances,  it  has  been  called  tUbuitun.  Alcohol,  and  many  of  tibe 
acids,  also  occasion  the  coagulation  of  the  serum  of  blood. 

100  parts  of  human  serum  contain  between  eight  and  nine  parts  of 
albumen,  rather  less  than  one  part  of  carbonate  of  soda,  and  dbout  die 
same  quantity  of  common  salt,  the  remaining  90  parts  beii^  water. 
These  at  least  are  the  proportions  which  my  own  expenments  lead  me 
to  believe  correct ;  but  the  analysis  is  invoired  in  so  much  difficult 
that  the  results  can  only  be  considered  as  approxunating  to  the  truth; 
indeed  it  is  probable  that  the  composition  of  the  serum  is  liable  to  much 
variation. 

Dr.  Marcet  and  Berzehus  have  each  given  an  analysis  of  the  sermn 
of  hutnan  blood  ;  the  following  are  their  results.  (MMoo-Ovinrpcal 
TraruacUons^  Vol.  ii.    AnnaU  of  Philosophy,  VoK  li.): 

Maroet. 

Water 900. 

Albumen    -•.......    q^.^ 

Muriates  of  potassa  and  soda    -    -    .      6.6 

Muco-eztractive  matter 4.0 

Carbonate  of  soda ,     1.66 

Sulphate  of  potassa "     0.38 

Earthy  phosphates    ..*....      o.60 

ICMXl.OO 

BERZfiLICrS. 

Water 906.0 

Albumen 80.0 

Muriates  of  potassa  and  soda  -  -  -  6.0 
Lactate  of  soda,  with  animal  matter  *  4.0 
Soda  and  phospjiate  of  soda  with  ditto  4. 1 
Loss 0.9 

1000.0 
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1955.  Albumen,  which  constitates  a  leading  ingredient  in  tke  serum, 
and  which  we  shall  presently  find  also  in  the  crnor,  is  a  very  important 
animal  principle,  and  is  found  in  the  greater  numher  of  animal  fluids 
and  solids. 

Liquid  Albumen  is  sohible  in  water,  and  always  contains  a  notable 
portion  of  soda,  indicated  by  its  action  on  vegetable  colour?.  It  is  co-. 
agulated  by  heat,  acids,  and  alcohol,  unless  it  he  considerably  diluted 
with  water,  in  which  case  a  portion  separates  in  the  form  of  white 
flakes  afler  some  hours'  standing.  Solution  of  corrosive  sublimate, 
added  to  albumen  very  much  diluted,  produces  a  cloudiness,  and  hence 
it  is  a  useful  test  of  albumen.  (Bostock,  Nicholson's  Joumalj  xiv.) 
It  is  also  instantly  coagulated  by  Voltaic  electricity ;  and  if  two  plati- 
num wires  connected  with  a  small  battery  be  immersed  into  a  diluted 
albumen,  it  will  cause  a  very  rapid  coagulation  at  the  negative  pole^ 
and  scarcely  any  effect  at  the  positive  pole.  This  circumstance  induc- 
ed me  to  atribute  the  coagulation  to  the  removal  of  the  alcali,  by  alco- 
hol, and  by  acids  ;  hut  how  heat  operates  is  not  very  obvious,  unless 
we  be  allowed  to  consider  it  as  electing  a  kind  of  decomposition  of  the 
liquid  albumen.  We  might  thus  consider  liquid  albiunen  as  a  com- 
pound of  albumen  and  soda  dissolved  in  water :  the  effect  of  heat  would  . 
then  be  to  transfer  the  soda  to  the  water,  and  thus  occasion  a  coagula- 
tion ;  and  a  solution  of  soda  is  always  found  oozing  from  coagulated 
«erum,  and  has  sometimes  been  called  serotUy ;  in  time  it  re-acts  upon 
the  coagulum,  and  dissolves  a  portion  of  it.  « 

1966.  When  albumen  is  dried  in  a  moderate  heat,  it  shrinks  and  be- 
comes brown  and  simi-transparent,  resembling  horn  in  appearance  and 
properties.  In  this  state  it  scarcely  dissolves  in  boiling  water,  though 
it  gradually  softens  ;*it  is  not  prone  to  decomposition  ;  it  dissolves  in 
the  alcalis,  a  portion  of  ammonia  being  evolved  and  a  saponaceous  com- 
pound formed.  Dilute  nitric  add  converts  it  into  a  substance  having 
the  properties  of  gelatine.     (Hatchktt,  PhiL  Trana.^  1800.) 

By  destructive  distillation  albumen  furnishes  a  variety  of  producta 
characterize  by  the  presence  of  a  large  proporticm  of  ammonia.  Ac- 
cording to  Gay-Lussac  and  Thenard,  {Recherches  Physieo'Chymiquee)  its 
ttltimate  constituents  are 

Carbon 62;883 

Oxygen 23.872 

Hydrogfen 7.540 

Nitrogen 16.706 

100.000 

1967.  When  the  coagulum  of  the  blood  is  carefiiUy  washed  under 
a  small  stream  of  water,  the  colouring  matter  is  gradually  dissolved, 
and  washed  out  of  it,  and  a  white  fibrous  substance  remains,  which  has 
been  termed  fibrina  or  coagulable  lymphy  but  of  which  the  chemical 
properties  are  those  of  albumen. 

It  sometimes  happens,  when  the  blood  is  long  in  coagulating,  as  in 
certain  inflammatory  diseases,  that  a  portion  of  this  albumen  is  left 
without  the  colouring  matter,  forming  what  has  been  called  the  huffy 
coat  of  blood ;  in  this  case  it  is  so  tough  as  to  admit  of  being  removed 
from  the  coloured  portion,  and  when  dried,  shrinks  up,  and  appeal;^' 
exactly  like  bom. 


Ahko^gk  ik«  oraie  of  the  t^rataMoos  coagolalioa  of  blood  bew- 
liMWB,  flie  proceM  caMMts  in  a  portion  of  the  albwoMi  Mparaiiiigk 
n  sdid  fiHEm  aloi^  with  th«  c<4oaruig  matter,  while  another  portiwi  re- 
mains diflsolired  in  the  serum ;  this  effect  is  somewhat  anfdogolu  to  tbc 
ciystdlicati^iii  of  a  saline  solution,  in  which  one  portion  of  the  salt  k- 
IHurates,  while  another  reoMins  disaoived. 

1968.  The  colour  of  the  blood  fans  fenerally  been  referred  to  wall 
g^boles  of  a  red  coloor,  which  by  the  aid  of  the  microecope  ma;  b« 
^seemed  in  it ;  and  it  was  snpposed  that  these  [^obulea  are  sokible  in 
water.  Bat  it  haa  been  shown  bj  Dr.  Young,  that  thia  in  not  the  case, 
ttid  that  the  effect  of  water  is  to  dissoWe  the  colouring  matter  onljt 
leaTing  the  g^dtrale  perfi^tly  colonriess ;  in  this  state  the  ^<Anlar  parti- 
cies  hare  t^  properties  of  albamen.  The  diametw  of  the  gMHiiei  io 
human  blood  varies from^^Y  ^^ tvVv  ^f  ^ ^^^ — ^eniar£ imBkoi 
and  Fm,  t»Dr«  Yovifo's  Mescal  LUtratmt^t, 

The  colouring  matter  of  the  blood  can  scnrcelgi:  be  obtnoed  iirce 
from  other  aubstanoes.  By  stirring  it  during  coi^gaiataon,  a  coaaideni- 
ble  ^rtion  is  diffused  thron([^  the  serum  from  which  it  a&envarda 
Bubaidea.  Vaui|uelin  advises  the  d^estion  of  the  congolum,  dnaoad  of 
nernm^  in  dilute  sulphuric  acid»  at  a  temperatave  of  160^.  Tbft  U- 
quid,  filtered  while  hot,  is  to  be  evaporated  to  half  its  bulk,  nd  oear^ 
1^  saturated  with  ammonia ;  the  cdoonng  matter  fidls,  and  is  to  be 
waahed  and  dried,  (w9Mitaiet  da  Ckimie  U  PAfnyne,  Toaiu  i  )  We  mut 
not,  however,  trust  animal  pnacipko  to  these  complex  operatioB»; 
and  there  can  I  thmk  be  little  doubt  that  the  colouni^  prmciple  ku 
nndeiiteoe  sodtie  chai^  in  M.  Vouquelin's  prooeas. 

The  chemical  properties  of  the  colouring  matter  of  the  blood  show 
that  it  is  a  peculiar  animal  principle.  It  is  sohibie  in  cold  waler,  aod 
th*  solution,  when  boiled,  deposits  a  brown  se<hmenl  d[  altered  colour- 
in|  matter.  Muriatic,  dilute  snlphuric,  and  several  of  the  vegetable 
acids,  and  the  caustic  and  carbonated  akalis^  resstiky  ^saolve  the  go- 
kmrmg  matter,  and  form  solutions  of  different  tints  of  red,  and  of  a 
Iptculiar  greenish  hue  when  viewed  by  tranamttted  h|^  Nitnc  add 
msfcantly  renders  these  solutions  brown,  and  decoaq^osea  the  xed  prin- 
ciple. These  experiments,  of  which  I  havegiven  a  detailed  acceont  in 
the  Philoiosophdeal  Transactiont  for  1812,  led  me  to  regard  the  coloar- 
ing  matter  or  the  blood  as  a  distinct  proximate  principle  of  animal  mat- 
ter, perfectly  independent  of  the  presence  of  iron,  to  which  its  peca- 
liarities  were  at  one  time  referred  by  MM.  Foorcroy  md  Vaoqnelin ; 
mid  the  latter  of  these  celebrated  chemists  has  more  Intely  verified  my 
conclusions  in  the  above-quoted  memoir.  Berzelins,  whose  labours  id 
"animal  chemistry  are  so  extended  and  well  known,  has,  however,  ob- 
laiMd  different  results  ;  he  finds  the  crananentmB  of  the  blood  to 
«OMtet<vf 

Colouring  matter 64 

Fibrin  and  albumen 36 

100 

Th^  colouring  matter,  when  incinerated,  affords  a  residue,  comistii^ 


Otideof  iron 50.0 

Sabpbosphate  of  iroa 7.5 

Phosphate  of  lime  with  magneaia  ....  6.0 

Lime .  20.0 

Carbonic  acid  and  los9    .     . 16.5 


loao 

The  iron  appears  to  be  regarded  by  Berzelins  as  contributing  to  the 
ted  colour  of  the  blood,  (Thomson's  System,  Vol.  iv.,*  p.  501.)  a  con- 
clusion which  my  own  experiments,  detailed  in  the  paper  already  quot- 
ed, by  no  means  warrant,  and  which  is  also  at  variance  with  the  opi- 
nion of  M.  Vauquelin. 

195^.  Besides  the  principles  now  enumerated,  and  which  may  be 
considered  as  essential  to  the  blood,  it  oAen  contains  carbonic  acid, 
which  escapes  when  the  blood  is  gently  heated,  or  placed  under  the 
exhausted  receiver  of  the  air-puoip. 

Experiments  on  the  blood,  in  diiierent  diseases,  have  thrown  no  light 
whatever  on  their  nature,  nor  have  any  material  differences  been  found 
in  the  blood  of  the  same  animal  at  di£terent  periods,  or  in  that  of  dif- 
ferent animals  of  the  same  class. 


Section  IIL    Mlk. 

1960.  T«E  chemical  properties  of  this  secretion  differ  somewhat  in 
different  animals.  The  milk  of  the  cow  has  been  most  attentively  ex- 
amined, and  it  has  the  following  properties  : 

It  is  nearly  opaqae ;  while,  or  slightly  yellow ;  of  an  agreeable 
sweetish  taste,  and  a  peculiar  smell.  Its  specific  gravity  varies  from 
1018  to  1020.  It  boils  at  a  temperature  a  little  above  that  of  water, 
aad  freezes  at  32*.  When  allowed  to  remain  a  few  hours  at  rest, 
a  thick  unctuous  liquid  collects  upon  its  surface  called  cream ;  the 
colour  of  the  remaining  milk  becomes  bluish  white  and  when  heated 
to  about  100*  with  a  little  rennet,  it  readily  separates  into  a  eoagulnm 
OT  curd,  and  a  serum  or  whey.  In  this  way  the  three  principal  consti- 
tueiits  of  milk  are  separable  from  each  other. 

1961.  By  the  process  of  churning,  cream  is  separated  into  butter j 
and  butter-miilk^  the  latter  being  the  whey  united  to  a  portion  of  curd* 
According  to  Berzelius,  100  parts  of  cream,  of  the  specific  gravity  df 
1024,  consists  of 

Butter 4.6 

Curd 3.6 

Whey 92.0 

100.0 

Butler  may  be  considered  as  an  animal  oiU  containii^  a  small  portion 
of  curd  and  whey.  It  liquefies  at  about  98*,  and  by  this  process  the 
impurities  are  sepanitcid,  and  it  remains  a  loi^^r  time  without  becom- 
ing rancid. 
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1962.  The  curd  of  milk  has  the  leading  preperties  ef  coagulated 
albumen,  and,  like  that  principle,  is  coagnlable  by  alcahol  aiHi  acids, 

'and  is  also  similarly  affected  by  Voltaic  electricity  ;  heat  slowly  pro- 
duces the  same  effect,  and  by  boiling  milk,  the  albumen  separates  is 
successive  films. 

1963.  Curd,  in  combination  with  various  proportions  of  butter, 
constitutes  the  varieties  of  cl^eese ;  that  containing  the  largest  quaotitj 
of  oil  becomes  semi-fluid  when  heated  ;  it  is  prone  to  decomposition, 
and  a  large  quantity  of  ammonia  is  then  formed  in  it ;  whereas  bad 
cheese,  which  consists  of  little  else  than  curd  or  albumen,  shrinks  aod 
dries  when  heated,  curling  up  like  a  piece  of  horn. 

1964.  Whey  is  a  transparent  fluid  of  a  pale  yellow  colour  and  a 
sweetish  flavour ;  by  evaporation  it  affords  a  minute  quantity  of  saline 
matter,  and  a  considerable  portion  of  sugar  of  milk. 

1965.  Sugar  of  Milk  may  be  obtained  in  white  rhomboidaJ  crjsUlSy 
of  a  sweet  taste,  and  soluble  in  seven  parts  of  water  at  SQ^,  but  inso- 
Inble  in  alcohol.  When  exposed  to  heat,  it  affords  nearly  the  same 
products  as  common  sugar.  It  consists,  according  to  Benelios,  wfaea 
deprived  of  water,  of 

Carbon 45.267 

Oxygen 48.348 

Hydrogien  .  .  •  .• 6.385 

100.000 

1 96C.  When  sugar  of  milk  is  treated  with  nitric  acid,  it  affords  a  pe- 
culiar acid,  similar  to  that  above-mentioned,  as  obtained  from  gum 
( 1 549).  To  procure  this  acid,  one  part  of  powdered  gum  arahic  maj 
be  digested  in  two  of  nitric  acid,  in  a  moderate  heat ;  as  soon  as  effer- 
vescence commences,  set  the  flask  in  a  cool  place,  and  a  quantity  of 
white  powder  subsides,  which  is  to  be  collected  upon  a  filter,  digested 
in  dilute  nitric  acid  to  separate  oxalate  of  lime,  and  subsequently  puri- 
fied by  boiling  water,  which  deposits  the  mudc  or  fadaciie  add  on 
cooling.  If  sugar  of  milk  be  used  instead  of  gum,  it  is  obtained  pore 
by  the  first  operation.  This  acid  is  not  crystalUzable,  and  is  sparingly 
soluble  in  water,  requiring  60  parts  at  212^,  and  is  deposited  as  the 
solution  cools,  in  the  form  of  a  white  gritty  powder ,  of  a  sli^tlj  acid 
taste.  It  combines  with  the  metallic  oxides,  and  forma  a  daas  of  salts 
called  iocehokUes.  It  consists,  according  to  Berselius,  (jfiwialis/  Pfn- 
loiopl^y  Vol.  V.)  of 

Carbon 33.43a 

Oxygen 61.465 

Hydrogen *  5.105 

100.000 

1967.  The  sacckolatet^  or  saclaclatesf  have  scarcely  been  examined 
With  ammonia,  potassa,  and  soda,  this  acid  forms  ci^stallixable  com- 
pounds, more  soluble  than  the  acid.  The  saclactates  of  lime,  baiyti, 
and  strontia,  are  insoluble,  as  are  those  of  silver,  mercury,  and  lead. 

1968.  When  milk  or  whey  are  exposed  to  a  temperature  betireen 
60<>  and  80<>,  they  undergo  a  spontaneous  change,  attended  by  the  pio- 
duction  of  an  acid,  which  was  originally  exammed  by  Scheele,  and  ba? 
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Iteen  termed  lactic  acid.    Fourcroy  and  Vauquelin  have  shown  reason 

to  suspect  its  peculiar  nature » and  were  led  to  regard  it  as  identical  with  ^ 

the  acetic  acid.     Berzelius  has  more  recently  revived  the  opinion  of 

Scheele,  hut  I  am  induced  from  my  own  experiments  to  believe » that 

if  it  be  not  the  acetic  acid  originally,  it  becomes  so  by  combination 

with  abase,  and  subsequent  separation  by  sulphuric  acid. 

1969.  In  some  cases  whey  may  be  made  to  undergo  vinous  fermen- 
tation ;  and  the  Tartars,  it  is  said,  prepare  a  kind  of  wine  from  the 
whey  of  mares'  milk,  which  they  call  Koumiss, — Edinburgh  Phil. 
Trans.,  V©1.  ii. 


SfiCTioK  IV.     Bile. 

1970.  iTiiis  secretion  is  formed  in  the  liver,  from  venous  blood.  It 
is  an  unctuous  liquid,  of  a  yellowish  green  colour,  and  its  specific gra- 
Tity  is  between  1020  and  1030.  Its  taste  is  intensely  bitter,  and  it 
readily  putrefies,  exhaling  a  most  nauseous  odour. 

1971.  When  the  bile  of  the  ox  is  distilled,  it  affords  about  90  per 
cent,  of  insipid  water  ;  the  residuum  is  brown,  bitter,  and  may  be  re- 
dissolved  in  water';  it  affords  traces  of  uncombined  alcali,  which  ap- 
pears to  be  soda.  The  acids  render  bile  turbid,  and  separate  from  it 
a  substance  which  possesses  many  of  the  properties  of  albumen.  It  is 
likewise  coagulated  by  alcohol,  and  upon  filtering  off  the  clear  liquor 
and  evaporating  it,  an  inflammable  fusible  substance  fs  obtained,  of  an 
intensely  bitter  flavour,  combined  with  a  portion  of  soda  and  common 
salt :  this  has  been  termed  the  resin  of  bile^  and  appears  to  be  the 
principle  which  confers  upon  it  its  chief  peculiarities.  We  should, 
therefore,  conclude,  as  the  result  of  these  observations,  that  bile  con- 
sists of  water,  albumen,  soda,  a  bitter  resin,  and  some  minute  portions 
of  saline  matter. 

1972.  Thenard  separated  from  bile  a  peculiar  substance,  which  he 
has  termed  ptcrom^/;  but  the  process  by  whicli  he  obtained  it  is  so 
complex,  that  I  think  it  doubtful  whether  it  be  a  product  or  ftn  educt. 
The  same  chemist  has  given  the  fallowing  table  of  the  ingredients  of 
ox-bile,  but  as  this  secretion  is.  liable  to  considerable  variation  in  ap- 
pearance and  specific  gravity,  it  is  probable  that  little  reliance  can  be 
placed  in  the  accuracy  of  the  numbers  (Tratt^  de  Chimie^  Tom.  iii.,  p. 
656.) : 

Water 700 

Resin 15 

Picromcl     --.-.--..-  69 

Yellow  matter  ^ 4 

Soda 4 

Phosphate  of  soda 2 

Uuriates  of  soda  and  potassa    -    •     -  3.5 

Sulphate  of  soda 0.8 

.    Phosphate  of  lime  and  of  magnesia     -  1.2 

Oxide  of  iron a  trace 

1000. 
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1973.  BUiarif  Calculi  are  of  two  kinds  ;  those  which  most  i 
ly  occur,  are  soft,  fusible,  of  a  crjstaliine  texture,  and  inflanunaMe. 
They  haye  generally  been  considered  as  doady  resembliDg  spenna^ 
ti ;  they  are  soluble  in  boiling  alcohol,  in  ether,  aud  difficukij  iaeS  ot 
turpentine.  Chevreul,  having  remarked  some  {peculiarities  in  tiu? 
substance,  is  induced  to  regard  it  as  a  peculiar  aDimial  prind^,  ao^ 
.  distiaguisfaes  it  by  the  name  of  cholttUrine. 

1974.  Cholesterine  is  fusible  at  280^,  and  on  cooling  concretes  into 
a  crystaUine  mass ;  rapidly  heirted  to  about  400^  it  vraporates  in  deux 
smoke ;  it  is  insoluble  in  water,  and  nearly  so  in  cold  alcohol ;  boikng 
alcohol  dissolves  about  ^^  its  weight.  It  is  soluble  in  nitric  acid  ;  but 
not  convertible  into  soap  by  the  alcalis. 

1975.  The  other  kind  of  biliary  calculus  resembles  inspissated  bile 
in  appearance,  but  differs  from  it  in  being  bsoluble  in  tlkobai  aod 
water.  It  is  often  mixed  with  variable  proportions  of  the  /bnner,  con- 
stituting biliary  calculi  of  iutermediate  characters. 

1 976.  The  gidl-«ione  of  the  ox  is  nearly  insoluble  in  waber  and  al- 
cohol, and  appears  to  conaiat  chi^y  of  the  yeUow  matteT  at  Ue ; 
paiuters  aoflSewBet  use  it  as  a  yellow  fHgment. 


SecTfOiv  V.     Ltftnphf  Mucus^  Piu,  kc, 

1977.  Tu£  liquid  which  lubricates  the  different  cavities  of  thebodj, 
which  is  contained  in  the  lymphatics,  and  which  occasionally  fyna  the 
chief  contents  of  the  thoracic  duct,  has  been  tcnned  fymph.  U  is  co- 
lourless, transparent,  miscible  in  all  proportions  with  water,  does  not 
affect  vegetable  blues,  is  not  coagulated  by  acids  or  alcohol,  \mt  onlj 
rendered  slightly  turbid  by  the  latter.  It  has  the  characters  of  a  veiy 
weak  solution  of  albumen. 

The  fluid  which  collects  incases  of  dropsy  and  in  vesicatioas,  ss  of 
a  similar  nature*  but  the  proportion  of  albumen  is  liable  to  variation, 
and  hence  it  is  differently  influenced  b^  tests;  when  very  rapidly 
thrown  out  from  inflamed  surfaces,  it  sometimes  furnishes  a  coagduM, 
apparently  as  abundant  as  that  of  the  serum  of  the  blood. 

L978.  The  term  taucus  has  sometimes  been  applied  to  these  fiaids« 
when  they*  have  undei^ne  a  certain  d^ee  of  inspissation ;  at  other 
times,  it  has  been  used  to  designate  a  very  alcaline  alhuminous  ivoL 
Dr.  Bostock  has  pointed  out  some  circumstances  in  iv^ch  mucus  dif- 
fers from  h<|uid  albumen,  and  has  proposed  subacetate  of  lead  as  a  test 
for  its  presence.  (Nicholsoh's  Journal^  Vol.  xi.)  Byl  that  salt  is  eo 
easily  decom^sed  by  many  vegetable  aod  animsd  suttataibces,  as  to  ren- 
der it  of  doubtful  efficacy  for  this  purpose. 

1979.  Saliva  consists,  according  to  Dr.  Bostock,  (Nicfioi.soir*s  Jwr* 
fiii/,Vol.xivOof 

Water «0 

Coagulated  albumen    .••.•...      8 

Mucus 11 

Saline  suhstauces 1 

100 


VRIKE.  tga 

I  fbiind  that  it  wai  copiously  coagulable  hj  the  action  of  Voltaic 
electricity,  and  was  hence  induced  to  consider  the  mncas  as  a  peculiar 
albuminous  combination,  not  coagulable  by  the  usual  means.-^PAt^ 
Trans,,  1809. 

1980.  The  Pancreatic  juice  has  not  been  minutely  examined,  but 
from  the  experiments  of  Dr.  Fordyce,  it  would  appear  to  differ  little 
from  saliva. 

1981 .  Tears  contain  a  small  portion  of  albumen  combined  with  soda» 
muriate  of  soda,  and  water.  There  are  also  small  portions  of  other 
salts. 

1982.  Tlie  humours  of  the  Eye.  The  aqueous  humour  is  composed 
of  water  holding  a  minute  quantity  of  albumen  and  saline  matter  in  so* 
lution  ;  the  crystalline  lens  also  contains  more  than  half  its  weight  of 
water,  the  remainder  being  an  albuminous  substance  with  traces  of 
muriates. 

1983.  Synovia  is  the  fluid  which  lubricates  the  surfaces  of  joints. 
It  contains,  according  to  Mr.  Hatchett,  {Phdl.  Trans.,  1799.)  a  small 
portion  of  phosphate  of  lime,  and  of  phosphate  of  soda  and  ammonia ; 
the  animal  principle  appeared  to  be  albumen. 

1984.  Pus  is  a  term  applied  to  a  variety  of  secretions  from  abcetses 
and  ulcerated  surfaces.  When  it  indicates  a  healing  sore,  it  has  been 
called  healthy  pus,  and  has  the  following  properties.  It  has  the  consis- 
tency of  cream,  a  Yellowish  colour,  and  exhibits,  under  the  microscope^ 
the  appearance  of  globules  diffused  through  a  fluid.  (Homb,  On  Ulcers^ 
S  Edit.,  p.  13.)  Its  specific  gravity  is  about  1.030.  It  does  not  affect 
vegetable  colours  till  it  has  been  some  time  exposed  to  air,  when  it 
becomes  slightly  sour ;  it  does  not  easily  mix  with  water,  alcohol,  or 
dilute  acids.— ^ee  Dr.  Pearson's  Experiments  on  Pusy  NicaoLSON'a 
Journal,  xxx. 


Section  VI.     Urine,  Urinary  Calculi,  kc* 

1985.  This  secretion  presents,  perhaps,  greater  diifficulties  to  the 
analytical  chemist,  than  any  other  animal  product ;  it  is  extremely 
complex,  and  subject  to  constant  change  in  the  proportions  of  its  com«> 
ponents,  and  in  disease  several  new  substances  make  their  appearance. 

The  chemical  history  of  the  urine  is  of  the  utmost  importance  to 
the  medical  practitioner;  it  teaches  the  nature  of  the  aubstancefl 
which  occasionally  predominate,  so  as  to  constitute  gravel  and  calculi  ; 
and  shows  the  means  of  influencing  and  modifying  its  composition. 

The  general  characters  of  the  urine  are  too  well  known  to  need 
description.  Its  specific  gravity  is  of  course  liable  to  much  variation 
even  in  the  healthy  state,  fluctuating  between  1005  and  1040.  The 
average  is  about  lOSO. 

1986.  The  substances  that  are  always  found  in  urine  are^  according 
to  my  own  experiments,  the  following : 

1.  Water.  7.  Phosphate  of  soda. 

2.  Carbonic  acid.  8.  Phosphate  of  magnesia. 

3.  Phosphoric  acid.  9.  Common  salt. 

4.  Uric  acid.  10.  Sulphate  of  soda. 

5.  Phosphate  of  lime.  11.  Albumen. 

6.  Phosphate  of  aounonia.  12.  Urea. 

4  D 
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1987.  The  existence  of  free  acid  in  recently  Toided  urine  is  emij 
demonstrated  by  its  property  of  reddening  vegetable  bines,  and  itp«. 
forms  the  important  office  of  retaining  some  of  the  difficulty  solabte 
salts  in  permanent  solution  ;  so  that  whenever  this  natural  acidity  e 
diminished,  the  urine  has  a  tendency  to  deposit  the  earthy  phosphaies. 

1988.  The  presence  of  carbonic  acid  may  be  shown  by  placing  nniie 
under  the  receiver  of  the  air-pump  ;  during  exhaustion  it  escapes, 
•oraeiimes  copiously,  but  at  other  times  in  minute  quantities  only. 

1989.  The  free  Phosphoric  acid  may  be  shown  by  the  ad^tioo  of 
carbonate  of  lime,  a  portion  of  which  is  converted  into  phosphate  of 
lime. 

1990.  Uric  acid  is  one  of  the  peculiar  characteristics  of  the  oime ; 
its  presence  may  be  shown  by  evaporating  urine  to  half  its  bulk,  w]ttch 
produces  a  precipitate  consisting  of  phosphate  of  lime  and  one  add ; 
the  former  may  be  dissolved  by  dilute  muriatic  acid,  which  leires  the 
latter  in  the  form  of  a  reddish  powder.  This  acid  has  beeo  veiyahly 
examined  by  Dr.  Henry,  who  made  it  the  subject  of  a  thesis  pahbsh- 
ed  in  1807  :  Dr.  Prout  has  also  given  much  valuable  infi>iiiiatioo  in 
relation  to  it. 

Uric  acid,  called  sometimes  lithic  acid,  as  constituting  the  pttndpal 
ingredient  in  certain  uriniiry  calcoli,  may  be  abundantly  obtsned  by 
digesting  such  calculi  (2005)  in  caustic  potassa,  filtering  the  solatioB, 
and  adding  excess  of  muriatic  acid,  which  causes  a  precipitate  of  aric 
acid,  which  is  to  be  washed  with  warm  water,  and  dried. 

Uric  acid  thus  obtained,  is  a  grey  powder,  of  scarcely  any  taste,  and 
requiring,  according  to  Dr.  Henry,  1720  parts  of  water  at  60^,  and 
1150  parts  at  212**  for  solution.  It  reddens  infosioo  of  h'tmus,  and 
readily  dissolves  in  caustic  potassa,  uid  soda ;  it  is  sparingly  soluble  in 
ammonia,  and  insoluble  in  the  alcaline  carbonates. 

According  to  Dr.  Prout,  uric  acid  requires  at  least  10000  parts  of 
.  water  at  60^  for  its  solution,  but  urate  of  ammonia  requires  only  about 
480  times  its  weight  at  the  same  temperature,  and  affords  a  precipitate 
of  uric  acid,  on  the  addition  of  any  other  acid ;  for  these,  among  other 
reasons.  Dr.  Prout  regards  urate  of  ammonia,  and  not  pore  uric  add, 
as  existing  in  urine* 

1991.  Uric  acid  dissolves  in  nitric  acid,  and  upon  evaponitioD  a  re- 
siduum of  a  fine  red  tint  is  obtained,  which  is  peculiar  to  this  com- 
bination, and  which  Dr.  Prout  has  lately  shown  to  possess  ^stinct  add 
properties  ;  he  has  called  it  purpuric  acid, — PhiL  TVans,  1818. 

1992.  When  uric  acid  is  submitted  to  destructive  distill^OD,  it  af- 
fords carbonate  of  ammonia,  and  a  peculiar  compoand,  which  bdV 
limes  in  ctystals,  and  which,  according  to  Dr.  Henry,  consists  of  a 
peculiar  acid  united  to  sonmonia  ;  a  quantity  of  charcoal  remaioainthe 
retort    Its  ultimate  constituents,  according  to  Dr.  Front,  are. 

1  proportional  of  nitrogen 14 

2  „  carbon      G  X  2  =     12 

1  „  oxygen  8 

1  „  hydrogen I 

35 

1993.  The  urates  have  principally  been  examined  by  Dr»  Heaty, 
and  an  account  of  many  of  (hem  is  given  in  his  Thesis  above  quoted. 
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1994.  Phosphate  of  Lime  may  be  precipitated  from  urine  by  the  ad- 
dition of  ammonia ;  its  relative  quantity  is  liable  to  much  fluctuation  ; 
sometimes  it  becomes  so  great  as  to  be  deposited  as  the  urine  cools, 
constituting  what  has  been  termed  white  sand. 

1995.  The  Phosphaits  of  Ammonia^  of  Soda^  and  of  Magnesia^  and 
common  Salty  constitute  the  principal  crystallizable  salts  contained  in 
the  uMne  ;  the  first  of  these  is  probably  in  great  part  produced  during 
evaporation,  for  the  saline  mass  obtained  by  inspissating  urine  is  no 
longer  acid ;  the  carbonic  having  escaped,  and  the  phosphoric  being  sa- 
turated by  ammonia.  The  microeosmic  salt^  or  fusible  salt  of  urine ^ 
of  the  old  chemists,  is  chiefly  phosphate  of  ammonia  with  a  little  phos- 
phate of  soda,  or  perhaps  a  triple  ammonia-phosphate  of  soda  (598). 

1996.  The  Ammoniaco-magnesian  Phosphate  (692)  is  a  common, 
and  almost  constant  ingsedient  in  the  urine.  It  forms  a  part  of  the 
white  sand  voided  in  certain  calculous  aflections,  and  is  sometimes 
formed  in  a  film  upon  the  surface  of  the  urine,  having  been  held  in  so- 
lution by  carbonic  acid,  and  being  deposited  as  that  gas  escapes. 

1997.  The  existence  of  sulphuric  acti,  probably  combined  with 
soda,  and  perhaps  also  with  potassa,  may  be  detected  in  urine  bv  the  ad- 
dition of  nitrate  of  baryta,  which  occasions  a  precipitate  of  sulphate  of 
baryta. 

As  urine  blackens  silver,  it  has  been  said  to  contain  sulphur;  but 
this  is  not  the  case  with  recent  urine,  and  when  it  becomes  slightly  pu- 
trid it  evolves  a  little  sulphuretted  hydrogen. 

1998.  The  existence  of  albuminous  matter  in  urine  is  sometimes 
easily  demonstrated  ;  at  others,  the  secretion  sterns  not  to  contain  it. 
it  has  been  said,  by  Mr.  Cruikshank,  that  the  urine  in  some  dropsical 
cases  contains  so  much  albumen  as  to  be  coagulable  by  heat,  (Phil, 
Mag.  Vol.  ii.)  but  if  that  ever  be  the  case,  the  secretion  could  hardly 
be  called  urine.  It  seems  questionable  whether  the  albumen  of  urine 
should  not  sometimes  be  regarded  as  derived  from  the  paucous  secretion 
of  the  bladder.  Dr.  Prout,  in  his  Inquiry  into  the  Nature  and  Treat- 
ment  of  Crravely  &c.,  has  described  some  cases  of  albuminous  urine,  and 
has  adverted  to  its  method  of  cure. 

1 999.  Urea  is  the  principle  which  confers  upon  urine  its  chief  pe- 
culiarities. It  may  be  obtained  by  slowly  evaporating  urine  to  the  con- 
sistency of  svrup ;  on  cooling  it  concretes  into  a  saline  mass,  which, 
by  digestion  m  alcohol,  furnishes  urea.  By  carefully  distilling  ofi*  the 
alcohol,  the  urea  remains  in  the  form  of  a  brown  crystallized  mass, 
which,  by  purification,  furnishes  colourless  prisnuitic  crystals. 

»-» Other  processes  have  been  given  for  obtaining  urea,  which  are,  I 
think,  o1]^ectk>nable,  on  account  of  their  complexity ;  indeed  it  is 
doubtiful  whether,  by  the  action  of  heat  and  alcohol,  as  above  describ- 
ed, it  is  not  considerably  altered. 

Urea  is  very  soluble ;  water,  at  60*^,  takes  up  about  its  own  weight, 
and  boiling  water  appears  to  dissolve  it  in  any  quantity,  and  without  al- 
teration :  boiling  alcohol  takes  up  its  own  weight,  and  on  cooling  the 
urea  separates  in  crystals.  Sulphuric  ether  scarcely  dissolves  an  ap- 
pretiable  portion.  Nitric  acid  produces  a  crystalline  precipitate  in  the 
aqueous  solution  of  urea,  consisting  of  the  two  substances  according  to 
Dr.  Prout^  in  the  following  proportions : 
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Nitric  acid 47.37 

Uwa 62.M 


100.00 


A  Tery  aimilar  compound  may  also  be  produced  with  oxalic  acid. 
The  fixed  alcalis  decompose  urea,  and  occasion  the  evolutioa  of  am- 
mooia  and  some  other  products.  It  is  to  this  substance  that  the  co- 
pious  production  of  volatile  alcali,  dur'mg  the  destructive  distillation  of 
urine,  is  referable  ;  and  the  ammonia  which  is  found  in  combinatioa 
with  the  acids,  in  putrid  urine,  is  derived  from  the  same  source. 

Urea  combines  with  most  of  the  metallic  oxides  ;  with  oxide  of  sd- 
ver  the  compound  is  g;rej,  and  it  decomposes  with  detonation,  whea 
heated. 

According  to  Dr.  Prout's  analysis  (Hchry's  Elem€iUs,  VoL  u.  p. 
327,)  urea  consists  of 

Oxygen  -  -  -  26.66  =  1  proportional    8 
Nitrogen    -  -  46  66  =  1         „  14 

Carbon   -  -  -  19.99  =  1         „  6 

Hydrogen  -  -    6.66  =  2        „  2 

30 
In  some  diseased  states  of  the  urine  there  is  a  morbid  excess  of 
urea,  which  may  be  delected  by  putting  a  litde  of  the  urioe  into  a 
watch-g^ass,  and  carefully  adding  an  equal  quantity  of  nitric  acid,  in 
such  a  manner  that  the  acid  shall  subside  to  the  lower  part  of  the 
glass  ;  if  spontaneous  crystallization  take  place,  it  indicates  excess  of 
urea. — Prout  on  Gravtl,  fcc.,  p.  10. 

2000.  Such  are  the  properties  of  the  principal  ingredients  in  hu- 
man urine,  to  which  several  others  have  been  added  by  different  che- 
mists ;  but  as  their  existence  is  only  occasional,  and  often,  I  think, 
doubtful,  I  have  hesitated  to  «ve  them  a  place  among  the  regular  con- 
stituents of  healthy  urine.  I  now  subjoin  Berzelius'  statement  of  the 
average  composition  of  human  urine.^THOMsoN's  AnnaU^  Vol.  ij* 
423. 

Water    •    ,    .    -    ^ 933.OO 

Urea      --^ 30.10 

Sulphate  of  potassa    ---..,,-        3.71 

Sulphate  of  soda ,,         3. 16 

Phosphate  of  soda      • ,         2,94 

Iffuriate  of  soda 4.45 

Phosphate  of  anunonia 1.65 

liluriate  of  an^monia 1.6Q 

Free  lactic  acid \ 

Lactate  of  ammonia / 

Animal  matter  soluble  in  alcohol    -     -     -r    l'-** 
Urea  not  separable  from  the  preceding    •  1 
Earthy  phosphates  with  a  trace  of  flnate  of  f 
lime  -----------i      1.00 

Uric  acid 1.00 

Mucus  of  the  bladder 0.32 

Silica    -    .    -    » 0.03 

icoo.oa 
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SOOl .  The  urine  suffen  aome  very  remarkable  changes  in  certain 
diseases,  which  have  been  but  superficially  inquired  into  by  chemists. 
Id  cases  of  injury  of  the  spine,  affecting  the  nerves  that  supply  the 
kidneys,  the  urine  is, always  turbid,  and  oflen  alcaline;  and  there  is  a 
considerable  tendency  in  these  cases  to  form  calculi. 

In  the  disease  called  diabetes^  the  urine  is  not  only  secreted  in  ex*i 
oesB,  but  oflen.contains  a  substance  of  a  sweet  taste,  having  the  proper- 
ties of  sugar,  and  its  specific  gravity  is  considerably  above  the  headthy 
standard  (Henry  on  Diabetic  Urine,  Medico-Qiirurgical  Trans,  ^^  Vol. 
ii.  p.  118.)  The  following  Table,  constructed  by  Dr.  Henry,  shows 
the  quantity  of  solid  extract  in  a  wine  pint  of  urine,  of  different  speci- 
fic gravities,  from  1020  to  1050.  In  the  experiments  which  furnish- 
ed the  data  of  this  table,  the  urine  was  evaporated  by  a  steam  heat  till 
it  ceased  to  lose  weight,  and  left  ah  extract  which  became  solid  on  cool- 
ing.— Prout  on  Gravely  p.  62. 


9p.  rr.  compared  with 

{^oastity  of  Solid  eztrucl 

^iuantitr  of  Solid  extract  in  a 

1000  pts.  of  water  at  60*. 

in  a  wine  pint 

Wine  Pint,  in 

pm. 

OS.    dr.    wet.    gn. 

1020 

382.4 

0     6     12 

1021 

401.6 

0     6     2      1 

1022 

420.8 

0     7     0     0 

1023 

440.0 

0     7      10 

1024 

459.2 

0     7     1    19 

1025 

478.4 

0     7     2    18 

1026 

497.6 

1     0     0   17 

1027 

516.8 

1     0     1    16 

1028 

536.0 

1     0     2   16 

1029 

555.2 

1      1     0  15 

1030 

574.4 

1      1      1    14 

1031 

593.6 

I      1     2   13 

1032 

612.8 

1      2     0   12 

1033 

632.0 

1      2      1    12 

1034 

651.2 

1     2     2   11 

1035 

670,4 

1     3     0   10 

1036 

689. 6 

13     19 

1037 

708-8 

13     2     8 

1038 

728.0 

14     0     8 

1039 

747.2 

14     17 

1040 

766.4 

14     2     6 

1041 

785.6 

15     0     6 

1042 

804  8 

15     14 

1043 

824.0 

15     2     3 

1044 

843.2 

16     0     3 

1045 

862.4 

16     12 

1046 

881.6 

16     2     1 

1047 

900.8 

17     0     0 

1048 

920.0 

17     10 

1049 

939.2 

1     r     1   19 

1           1050 

958.4 

I     7     2  18 
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8002*  The  urine  of  .gramiiiiTOrouB  aoimals  differs  considerablj  ivnn 
that  of  the  human  sul^ect.  Carbonates,  muriates,  and  phosplu^, 
are  the  leading  ingredients  ;  it  also  contains  urea,  bat  not  uric  acid; 
potaasa  is  usuailj  the  predominating  alcali.  In  the  PhiL  Trans.  £»r 
1808,  I  hare  given  an  account  of  tl^  composition  of  aeyeral  specie 
of  urine,  and  in  that  of  the  camel  I  detected  a  small  portion  of  qik 
acid  :  but  as  the  animal  was  diseased,  its  presence  was  probabJj  acci- 
dental, more  especially  as  it  has  not  been  found  by  other  chemists. 

In  the  urine  of  the  snake,  and  of  most  birds  that  feed  upon  fish  and 
animal  matter,  uric  acid  is  the  leading  ingredient.  It  is  also  abundaot 
in  the  excrement  of  the  parrot,  and  of  other  birds  who  feed  apos  ve- 
getables only.— J.  Davy,  Phil.  Trans.  1821. 

2003.  It  frequently  happens,  from  a  variety  of  causes,  tiiat  certain 
ingredients  of  human  urine  are  secreted  in  excess,  and  depoiiled  id  a 
solid  form,  constituting  sand^  or  gravel  and  calculi. 

Sand  is  either  white  or  red ;  the  former  consists  of  pli<»pl»te  of 
lime,  and  ammoniaco-magnesian  phosphate,  either  separate  or  miied, 
and  the  latter  is  chiefly  uric  acid.  The  former  deposition  is  preTeat- 
ed  by  the  use  of  acids,  and  the  latter  by  alcalis  and  the  alcaliae  euths. 
The  modes  of  exhibitiog  these  remedies,  and  the  effects  which  ther 
produce,  I  have  described  in  a  paper  printed  in  the  Qiutrterly  Jwriul 
of  Science  and  ArtSy  Vol.  vi. 

2004.  Urinary  calculi  are,  for  the  most  part,  composed  of  materials 
that  exist  at  all  times  in  the  urine,  though  there  are  a  few  sabetUDces 

^  that  only  make  their  occasional  appearance  in  them*     The  following 

»  are  their  component  ingredients : 

1.  Uric  acid. 
;  2.  Urate  of  ammonia. 

3.  Phosphate  of  lime. 

4.  Ammonio-magnesian  phosphate. 
6.  Oxalate  of  lime. 

6.  Carbonate  of  lime. 
"7.  Cystic  oxide. 

2005.  The  calculi  composed  of  uric  acid,  of  which  the  chemical 
properties  have  already  been  described  (1990),  are  of  abrowa  or 
rawn-colour  ;  and,  when  cut  through,  appear  of  a  more  or  less  dis- 
tinctly laminated  texture.  Their  surface  is  generally  Smooth,  or  near- 
ly so,  being  sometimes  slightly  tuberculated.  Before  die  blow-pipe 
this  calculus  blackens,  and  gives  out  a  peculiar  ammoniacal  odour, 
leaving  a  minute  portion  of  white  ash  :  it  is  soluble  in  solution  of  pure 
potassa,  and  heated  with  a  little  nitric  acid,  affords  the  fine  pink  com- 
pound, above-mentioned  (1991). 

2006.  Phosphate  of  lime  calculus  is  of  a  pale  brown,  or  grey  co- 
lour, smooth,  and  made  up  of  regular  and  easily  separable  lamins.  U 
is  easily  soluble  in  muriatic  acid  and  precipitated  by  pure  ammoaia, 
and  does  not  fuse  before  the  blow-pipe.  Calc^i  from  the  prottau 
gkmdf  are  always  composed  of  phosphate  <tf  lime. 

2007.  The  ammonio-nu^esian,  or  triple  calculus*  is  jgenenDy 
white,  or  pale  grey,  and  the  surfiK^e  often  presents  minute  crystab ;  its 
texture  is  genendly  compact,  and  often  somewhat  hard  and  translucent ; 
he^ed  violently  by  the  Uow-pipe»  it  exhales  ammonia,  and  teares 
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phosphate  of  magnesia.    It  is  more  easily  solable  than  the  preceding, 
^nd  oxalate  of  ammonia  forms  no  precipitate  in  its  muriatic  solution. 

2008.  It  frequently  happens  that  calculi  consist  of  a  mixture  of  the 
two  last-mentioned  substances,  in  which  case  they  melt  before  the  blow- 
pipe, and  are  hence  termed  fusible  calcvlu  They  are  white  or  near- 
ly so,  and  softer  than  the  separate  substances,  omn  resembling  chalk 
in  appearance.  They  are  easily  soluble  in  muriatic  acid,  and  if  oxa- 
late of  ammonia  be  added  to  their  solution,  the  lime  is  precipitated  in 
the  state  of  oxalate. 

2009.  Oxalate  of  lime  forms  calculi,  the  exterior  colour  of  which  ia 
generally  dark  brown,  or  reddish ;  they  are  commonly  rough,  or  tu- 
berculated  upon  the  surface,  and  have  hence  been  called  midbtrry 
calcvli.  Before  the  blow-pipe  they  blacken  and  swell,  leaviqg  a  white 
infusible  residue,  which  is  easily  recognised  as  quicklime  (1736). 
Small  oxalate  of  lime  calculi  are,  however,  sometimes  perfectly  smooth 
upon  the  surface,  and  much  resemble  a  hempseed  in  appearance. 

2010.  Urate  of  ammonia  I  a^nit  among  urinary  calculi,  upon  the 
authority  of  Dr.  Prout,  my  own  experiments  having  formerly  induced 
me  to  doubt  its  existence  {PhiL  Trans,  1808).  Its  surface  is  some- 
times smooth,  sometimes  tuberculated ;  it  is  made  up  of  concentric 
layers,  and  its  fracture  is  fine  earthy,  resembling  that  of  compact  lime- 
stone ;  it  is  generally  of  a  small  size,  and  rather  uncommon,  though  it 
oflen  occurs  mixed  with  uric  acid.  It  usually  decrepitates  before  the 
blow-pipe,  is  more  soluble  than  the  uric  calculus,  evolves  ammonia 
when  heated  with  solution  of  potassa,  and  is  readily  soluble  in  the  al- 
caline  carbonates,  which  pure  uric  acid  is  not. 

2011.  Dr.  Prout  and  Mr.  Smith  {Mtd.  et  Onr.  Trans,  xi.  14.)  have 
described  calculi  composed  almost  entirely  of  carbonate  of  lime,  but 
this  species  is  exceedingly  rare,  and  among  several  hundred  cdculi 

which  I  have  examined,  I  never  met  with  it  from  the  human  bladder.  1 

2012.  Cystic  oxide  is  a  peculiar  animal  substance ;  the  calculi  com« 
posed  of  it,  which  are  rare,  are  in  appearance  most  like  those  of  the 
ammonio-magnesian  phosphate.  They  are  soft,  and  when  burned  by 
the  blow-pipe,  exhale  a  peculiar  foetid  odour.  They  are  soluble  in 
nitric,  sulphuric,  muriatic,  phosphoric,  and  oxalic  adds,  and  also  in 
alcaline  solutions. 

2013.  The  substances  which  have  been  described,  with  the  excep- 
tion of  cystic  oxide,  are  sometimes  intimately  blended  in  calculi ;  some- 
times they  form  alternating  layers ;  and  in  a  few  cases  four  distinct 
layers  have  been  observed,  the  nucleus  being  uric,  upon  which  the 
oxalate,  and  phosphate  of  lime,  and  the  triple  phosphate,  are  distinctly 
and  separately  arranged. 

2014.  Dr.  Marcet  has  described  a  calculus  composed  of  a  peculiar 
animal  matter,  which  he  calls  2[antkt€  Oseide,  from  its  property  of  giv- 
ing a  yellow  colour  when  acted  on  by  nitric  acid  :  he  has  also  announc- 
ed the  existence  of  calculus  composed  of  fibrine. — Essay  on  Calculous 
Disorders^  2c2  edit,  p.  103. 

2015.  These  are  the  principal  chemical  facta  belonging  to  the  histo- 
ry of  urinary  calculi.  In  Dr.  Wollaston's  valuable  papers  upon  this 
subject  (Phil.  Trans.  1797  and  1810,)  much  additional  information  will 
be  found.  In  the  same  work  ^1806,  1808,  and  1810,)  I  have  given 
some  account  of  their  peculiarities,  depending  upon  their  situation,  and 
have  also  discussed  the  operation  of  solvents,  a  subject  which  I  have 
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tnken  up  mere  in  detail  in  the  Quarterly  Jtmmcd  of  Science  and  the  Aru, 
Vol.  Tiii.  Dr.  Marcet  and  Dr.  Prout  hare  also  published  excellent  &- 
sertations  on  Calculoua  DiMorders,  containing  all  that  is  moat  import- 
ant upon  the  subject. 


Section  VII.     Cuiisy  or  Skin;  MembrafUy  &c. 

2016.  The  skin  of  animals  consists  of  an  exterior  albmninoiis  corep 
tng,  or  cf^icle,  under  which  is  a  thin  stratum  of  a  peculiar  substance, 
called  by  anatomists  rete  muconnny  and  which  lies  immediatel?  apon 
the  cutis,  or  true  skin,  of  which  the  principal  component  isgeiatme. 

2017.  The  following  are  the  chemical  properties  of  pure  gelstfoe. 
It  is  colourless,  semi-transparent,  and  nearly  tasteless.  It  is  softened 
by  long-continued  immersion  in  cold  water  :  in  hot  water  it  readily  dis- 
solves, and  forms  a  solution  of  as  lightly  milky  appearance,  which,  if 
auiiiciently  concentrated,  concretes  on  cooling  into  the  tremulons  mass 
usually  ccdled^W/y,  and  which  is  easily  soluble  in  cold  water;  when 
dried  in  a  gentle  heat  it  acquires  its  original  appearance,  and  b  as  so- 
luble as  before.  When  dry,  gelatine  undergoes  no  change,  bat  its 
solution  soon  becomes  mouldy  and  putrescent  Submitted  to  the  actioa 
of  heat  it  affords  the  usual  products  of  animal  substances. — Hitcbett. 
Philos.  Transact,  Vol.  xc. 

It  is  readily  soluble  in  diluted  acids  and  alcaline  solutions,  and  forms 
no  soap  with  the  latter.  Its  aqueous  solution  is  not  affected  by  soia- 
tion  of  corrosive  sublimate,  and  few  of  the  metallic  salts  occasion  any 
precipitate  in  it.  Chlorine  passed  through  its  solution,  occasions  a 
white  elastic  matter  to  separate,  which  is  not  soluble  m  water,  and 
which  in  some  properties  resembles  albumen.  It  is  insoluble  in  alco- 
hol and  ether.  Solution  of  tannin  occasions  a  white  precipitate  in  so* 
lution  of  gelatine ;  and  hence,  vegetable  astringents  such  as  galls  or 
catechu,  are  generally  employed  as  tests  for  its  presence.  Bat  as  tan- 
nin precipitates  albumen,  it  cannot  be  relied  on  as  an  unequivocal  test, 
unlesa  we  previously  ascertain  the  non-existence  of  albumen  by  cor- 
rosive sublimate.-'-'BosTocK.     Nicholson's  Journal,  xiy.  and  xxi. 

Mr.  E.  Davy  reconmiends  sulphate  of  platinum  as  a  yery  delicate 
te«^  of  gelatine,  with  which  it  forms  a  brown  insoluble  compound,  in 
solutions  too  weak  to  be  affected  by  vegetable  astringents,— Ph»I. 
Trans.   1C20,  p.   119. 

2018.  The  action  of  sulphuric  acid  upon  gelatine  has  been  investi- 
gated by  M.  Braconnot.  Twelve  parts  of  powdered  glue  and  24  of 
sulphuric  acid,  were  left  together  for  24  hours ;  abotit  60  parts  of 
water  were  then  added,  and  the  whole  boiled  for  5  hours,  adding  water 
at  interviils  ;  the  solution  was  then  saturated  with  chalk,  filtered,  aad 
suffered  io  evaporate  spontaneously.  In  a  month  crystals  were  depo- 
sited, which,  being  purified  by  solution  and  a  second  crystallizatioo, 
much  resembled  sugar  of  milk,  though  they  differ  from  that  substance 
in  affording  a  peculiar  acid,  called  by  M.  Braconnot  ^tro-sacckarim 
acid,  when  acted  upon  by  nitric  acid. — Ann.  de  Chimie  et  Phys.,  xiii. 

SO]  9.  The  different  kinds  of  gelatine  differ  considerably  in  viscidity. 


Mr  Habhett  hsis  remarked  tbat  ^e  gelatine  obtained  from  akind  pos- 
sesses a  degree  of  viscidity  inversely  as  their  softness  or  flexibility ; 
the  most  adhesive  kinds  of  gelatinei  too,  are  less  easily  soluble  in  water 
than  those  which  are  less  tenacious.  The  principal  varieties  of  gela<> 
tine  in  conmion  ose  are, 

a.  Glue  J  which  is  prepared  from  the  clippings  of  hides,  hoo&,  ^H.^ 
•btained  at  the  tan*yard  ;  these  are  first  washed  in  lime-water,  and  after* 
wards  boiled  and  slummed ;  the  whole  is  then  strained  through  baskets^ 
'  and  gently  evaporated  to  a  due  consistency  ;  afterwards  it  is  cooled  in 
wooden  moulds,  cut  into  slices,  and  dried  upon  coarse  net-work« 
Good  ^ue  is  of  a  semi-transparent  and  deep  brown  colour,  and  free 
from  clouds  and  spots.  When  used  it  should  be  broken  into  pieces,  and 
steeped  for  about  24  hours  in  cold  water,  by  which  it  softens  and 
swelb ;  the  soaked  pieces  may  then  be  melted  over  a  gentle  fire,  or 
in  a  water-bath,  and  in  that  state  applied  to  the  wood  by  a  stiff  brush. 
Glue  will  not  harden  in  a  freezing  temperature,  the  stiffenihg  depend- 
ing on  the  evaporation  of  its  superfluous  water. 

6.  Size  is  less  adhesive  than  glue,  and  is  obtained  from  parehment 
shavings,  fish-skin,  and  several  animal  membranes.  It  is  employed  by 
bookbinders,  paper-hangers,  and  painters  in  distemper,  and  is  some* 
times  mixed  with  flour,  gum,  ^c» 

c.  bingloiM  is  prepared  from  certain  parts  of  the  entrails  of  several 
fish  ;  the  best  is  derived  from  the  sturgeon,  and  is  almost  exclusively 
prepared  in  Russia.  It  should  be  free  from  taste  and  smelli  and  entire-* 
ly  soluble  in  warm  water,  which  is  seldom  the  case,  in  consequence  of 
the  presence  of  some  albuminous  parts.  When  the  jelly  of  isioglasa 
is  concentrated  by  evaporation  and  carefully  dried,  it  forms  a  very 
choice  kind  of  glue.— Aikin's  Dictionary^  Art.  Gelatine. 

2020.  Leather  is  a  compound  of  gelatine  and  vegetable  astringent 
matter,  formed  by  steeping  the  skins  of  animals  in  the  infusions  of  cer- 
tain baa*ks.  The  skins  are  previously  prepared  by  soaking"  in  limo' 
water,  which  renders  the  cuticle  and  hair  easily  separable,  and  are 
afterwards  softened  by  allowing  them  to  enter  into  a  degree  of  putre- 
faction. In  this  state  they  are  submitted  to  the  action  of  infusion  of 
oak-bark^  or  other  astringent  vegetable  matter  (1602),  the  strength  of 
which  is  gradually  increased  until  a  complete  combination  has  taken 
place,  which  is  known  by  the  leather  being  of  an  unifbrm  brown  colour 
throughout ;  whereas,  in  imperfectly  tanned  leather  a  white  streak  is 
perceptible  in  the  centre. 

Tawed  leather  is  made  by  impregnating  the  skin  duly  prepared,  with   . 
a  solution  of  alum  and  common  salt ;  it  is  afterwards  trodden  in  a  mix-  * 

lure  of  yolk  of  eg^  and  water. 

Curried  leather  is  made  by  besmearing  the  skin,  or  leather,  while  yet 
nM>ist,  with  common  oil,  which,  as  the  humidity  evaporates,  penetrates 
into  the  pores  of  the  skin,  giving  it  a  peculiar  suppleness,  and  making 
it,  to  a  considerable  extent,  water-proof.  As  familiar  examples  of  these 
processes,  the  thick  sole-leather  for  shoes  and  boots  is  tanned ;  the  up- 
per-leather is  tanned  and  curried ;  the  white  leather  for  gloves  it 
tawed ;  and  fine  Turkey-leather  is  tazved^  and  afterwards  slightly  tan- 
ned.—- Aixin's  Dietumaryy  Art.  Lbatrcr. 

2021.  The  different  membranu  of  the  body,  and  the  ienioM^  are 
chiefly  composed  of  gelatbe^  for  by  long  digestion  in  warm  water  they 
gradually  isoftcn,  and  become  ultimately  almost  perfectly  seluble. 

4£ 
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Section  VIII.    JUiwcIe,  LigamenU^  Homy  HaiT^  4rc. 

2022.  Whek  the  m««c«iar  parU  of  animals  are  washed  repeatedly 
in  cold  water,  the  fihrons  matter  which  remains  confliats  chiefly  i^  al- 
buoaen,  and  is  in  its  chemical  properties  analogous  to  the  clot  of  bkod 
(I9d7)i  Muscles  also  yield  a  portion  of  gelatine ;  and  the  flesh  of  beef, 
and  some  other  parts  of  animals,  afford  a  peculiar  substance  of  an  aro- 
matic flavour,  called  by  Thenard,  onniurome. 

2023.  aoparts  of  beef  fibre,  acted  on  by  as  much  snlphork  add,  yield- 
ed M.  Braconnot,  a  portion  of  fat,  and  on  diluting  the  acid  Buztnre.and 
saturating  with  chalk,  filtering,  and  evaporating,  a  substance,  tastii^ Me 
oemazome  was  obtained,  which  was  often  boiled  in  different  poitioos  of 
alcohol :  the  alcoholic  solutions,  on  cooling,  deposited  a  peculiar  irlu'te 
pulverulent  matter,  which  Braconnot  cdls  hucinty  and  which  acted 
upon  by  nitric  acid  affords  a  crystallizable  n^roUiteie  add^-^-AmaUi  de 
Chitnie  et  Phyt.i^iu  p.  118. 

2024.  LigomenU,  ftora,  nati,  and/ea(ft€r<,  consist  priacipanj  of  al- 
bumen. 

2025.  Hair  consisits  principally  of  a  substance,  having  the  proper* 
ties  of  coagulated  albumen.  It  also  contains  gelatine,  and  the  soft 
kinds  of  hair  yield  it  more  readily  than  those  which  are  hanh,  strong, 
and  elastic— Hatchett.  Phil.  Trans.  1800. 

Vauqnelin  discovered  in  hair  two  kinds  of  oil ;  the  one  white,  and 
exi.sting  in  all  hair  ;  the  other  coloured,  yellow  from  red  hair,  and  dark 
coloured  when  obtained  from  dark  hair.  Black  hair  stlso  contains 
iron  and  sulphur.  He  supposes  that  where  hair  has  become  suddeoJy 
gray,  the  effect  is  produced  by  the  evolution  of  acid  matter,  which 
has  destroyed  the  colour  of  the  oil. 

2026.  Feaikert,  quills^  and  woolj  are  also  possessed  of  the  proper- 
ties of  albumen,  and  appear  to  contain  no  gelatine. 


Section  IX.    Fat,  Sptrmaceiiy  &c. 

2027.  The  fat  of  animals,  when  freed  by  fusion  or  pressore  from 
cellular  membrane,  is  of  various  degrees  of  consistency,  as  seen  in 
tallow,  lard,  and  ail.  When  pure,  it  has  Httle  taste  or  smell,  but  it 
acquires  both  by  keeping,  and  becomes  rancid  and  slightly  sour.  The 
softer  varieties  fuse  at  about  90^,  and  the  harder  at  120^.  Decomposed 
at  a  red  heat,  they  afford  abundance  of  olefiant  gas,  and  a  small  portico 
of  charcoal ;  products  analogous  to  those  of  vegetable  oil.  (741:) 
When  burned,  they  produce  water  and  carbonic  acid,  contaimng  the 
same  ultimate  elements,  in  the  same  proportions  aa  vegetable  oib. 
(1634.)  *^    *^  ^ 

They  also  produce  soaps  by  combination  with  alcalis. 

Nitric  acid,  heated  in  smdl  quantity  with  any  of  the  fatty  substances, 
renders  them  harder,  and  considerably  increases  their  solubility  in  al- 
cohol. Among  the  vegetable  oils  this  change  is  most  remarkably  pro- 
duced upon  cocoa-nut,  and  castor-oils,  the  latter  becoming  cofivertei 
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into  a  solid  matter,  vvhich,  when  deaosed  of  adhering  acid  by  wash* 
ingy  resembles  soA  wax* 

2028.  The  experiments  of  Braconnot  and  Chevreal,  already  quoted, 
( 1628)  hare  shown  that  the  different  kinds  of  oil  and  fat  contain  two 
aabstances,  to  which  they  have  given  the  names  sUarine  and  tlaine, 
the  former  sohd,  the  latter  liquid  at  conunon  temperatures.  The  fol* 
lowing  table  shows  their  relative  proportions  in  different  fats  and  oils  : 

Elaine.  Stenriiie. 

BnCter,  made  in  summer  60 40 

DittOf  winter  ......  37 63 

Hogp'-lard 62 38 

Beef-marrow 24 76 

Mutton  ditto 74 26 

Goose-lat 68 32 

Dttcks'-fat 72 28 

Tuitey's-&t 74 26 

Olive-oil   ........  72 28 

Almond-oil 76 24 

These  principles  may  be  obtained  by  boiling  hogs^-lard  in  alcohol ; 
the  fluid,  on  cooling,  deposits  a  crystalline  matter,  which  is  to  be  puri- 
fied by  a  second  solution  and  crystallization  ;  it  is  then  pure  ttearine^ 
white,  brittle,  tasteless,  and  inodorous ;  it  fuses  at  a  little  below  120*, 
and  forms  soap  with  alcalis. 

When  the  alcohol  which  has  deposited  the  whole  of  the  stearine  it 
distilled,  an  oily  liquid  remains,  which  is  tlaine.  It  is  fluid  at  58^  ;  it 
generally  is  of  a  yellow  colour,  and  is  convertible  into  soap* 

2029.  When  soap  composed  of  hogs'-lard'  and  potassa,  ts  put  iuto 
water,  a  portion  only  is  dissolved  the  remainder  consists  of  white 
scales,  composed  of  the  alcali  united  to  a  peculiar  acid,  called  by  Chev- 
reul,  from  its  pearly  appearance,  margaritic  actd^said  separable  from 
the  above  combination  by  muriatic  acid. 

It  is  insoluble  in  water,  tasteless,  fusible  at  134^,  and  crystallizes  on 
cooling  in  brilliant  white  needles.  It  is  soluble  in  alcoho).  It  unites 
with  potassa  in  two  proportions,  the  one  compound  containing  100  acid 
4*  8.80  potassa ;  the  other,  100  acid  +  17.77  potassa,  These  com- 
pounds have  been  termed  tnargarates  of  potassa. 

2030.  The  portion  of  the  hogs^-lard  soap  soluble  in  water,  consists 
of  another  peculiar  substance  united  to  potassa,  which  Chevreul  has 
called  oleic  acid.  It  may  be  obtained  from  its  solution  by  tartaric  acid, 
which  causes  it  to  separate  in  the  form  of  an  oily  matter,  that  is  to  be 
again  united  to  potassa,  and  separated  as  before.  This  substance  soli- 
difies at  about  40^,  and  it  forms  compounds,  called  oleates.  It  appears . 
probable  that,  by  the  action  of  alcalis,  the  stearine  is  converted  into 
what  Chevreul  has  termed  margaric  acid,  and  the  elaine  into  oleic  acid. 
Jinnales  de  CfUmie^  zciv. 

2031.  By  mixing  1  volume  of  carbonic  acid  with  10  of  carburetted 
hydrogen,  and  30  of  hydrogen,  and  passing  the  mixture  through  a  red- 
hot  porcelain  tube.  Berard  is  said  to  have  produced  a  substance  in 
small  white  crystals,  having  many  of  the  properties  of  fat.— -Thom* 
son's  Atmah.  xii. 

2032.  Spermaceti  or  Cetim  is  a  peculiar  matter;  which  concretes 
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firondieMlof  theqMTwaecliv&ale.  It  fiuetat  llt«,aiid  aft  U^r 
temperatures  is  rolatUe,  but  if  repeatedly  distilled  it  loses  its  sobd 
form,  and  becomes  a  liquid  oil.  It  is  s<Juble  in  boiling  sdcohol,  vd 
abundantly  so  in  ether.  It  forms  a  soap  with  potassa,  which  jields^oa 
decomposidoa,  a  substance  called  by  Cbevreul,  cede  aeid»  nflwwgrci  dc 
CUnw,  ICT. 

8033.  In  the  yeft  of  eg^$  there  is  a  considerable  quwtity  of  oily 
matter,  whichmay  be  obUined  by  pressure  after  boiling;  itisyeUow 
.  and  tasteless. 

S034.  AtnhergrU^  which  is  a  concretion  from  the  intestines  of  the 
spermaceti  whale,  also  contains  a  considerable  portion  of  fotty  matter, 
amounting  in  some  specimens  to  60  per  ceal.  It  is  only  fband  in  the 
unhealthy  animaL^-JIosE's  Luiwru  on  Cbinparfflioe  Jwofomy,  VoL  i.^ 
p.  470, 

f  035.  The  brain  of  animals,  when  boiled  in  alcohol,  funiishes  a 


peculiar  fiitty  matter,  which  the  solution  deposits  as  it  coob,  in  bril- 
liant scales.  It  requires  a  higher  temperature  than  that  df  boiling 
water  for  its  fusion,  and  appears  in  many  respects  analogons  to  choles- 
tenne.  (1974.)  The  same  substance  is  often  seen  in  the  alcoWA  em- 
ployed to  preserve  aoatomical  preparations  of  the  brain  and  nerres. 


Section  X^     Cerebral  MsUmee, 

9099.  AccoaniHa  to  Vauquelin,  the  eerehred  tubitance  consists  €if 

Water 80.00 

White  fiitty  matter 4.63 

Red  fiitty  matter.  .  .  , o.70 

Albumen 7,00 

Osmasome 1.12 

Phosphorus 1.60 

Acids,  salts,  und  sulphur 6.16 

100 

-.5*"  r^^  ^-^  **"^  ••*™  *^  ^«  ^^  •  «»n»i«  nature.— Thomoh's 
j^tf^m,  Vol  IV.,  p.  482. 


SscTioH  XI.    Shai  and  B<me. 

2037.  We  are  indebted  to  Mr.  Hatchett  for  two  ezceUent  disseria- 
u^  ^l^^  chemical  properties  of  these  parts  of  animals,  pablished 
In  ^e  Plulo$opkMeal  Tramtaetims  for  1 799  and  1800. 
^J-li^K^^^  •f*'^  '^^^  ^^^  classes;  the  texture  of  the  first  is 
«»np*ctt  brmie,  and  resembling  poi^elaia ;  their  sur&ce  is  amootji, 
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and  they  are  often  beaotifiilly  variegated.  When  exposed  to  a  red 
heat  they  crackle,  and  lose  the  colour  of  their  enamelled  surfiice, 
emitting  scarcely  any  smoke  or  smeU.  They  dissolve  in  dilute  muria- 
tic acid  with  copious  effervescence,  and  form  a  transparent  solution,  in 
which  neither  pure  ammonia  nor  acetate  of  lead  produce  any  precipi- 
tate, hut  carhonate  of  ammonia  throws  down  carhonate  of  lime. 
Hence  these,  which  are  called  porcelkmeaus  thells^  may  be  considered 
as  composed  of  carbonate  of  lime,  united  to  a  very  small  portion  of 
gelatine  :  most  of  the  univalve  shells,  such  as  whelks,  limpets,  cow- 
ries, and  many  of  the  beantifiil  convoluted  shells  of  tropical  countries, 
belong  to  this  class. 

2038.  The  second  class,  or  moiher-af^tarl  tkells,  are  tougher, 
glossy,  and  iridescent ;  they  are  mokitly  bivalves,  and  all  the  oyster 
and  muscle  species  belong  to  it.  V?h^  heated,  they  exhale  smoke 
and  the  smell  of  burned  horn ;  immersed  in  muriatic  acid,  they  only 
partially  dissolve,  and  leave  a  series  of  cartiliginous  layers,  and  an 
outer  epidermis.  Each  membrane  appears  to  have  a  corresponding 
stratum  of  carbonate  of  lime,  the  solution  indicating  no  trace  of  any 
phosphate.  The  animal  part  is  in  some  cases,  as  in  mother-of-pearl, 
tough  and  indurated,  and  when  dried  becomes  exactly  hke  horn  ;  in 
other  instances,  as  in  the  bone  of  the  cuttle  fish,  it  appears  in  the  form 
of  delicate  and  tender  membrane. 

In  both  classes  of  shells,  therefore,  the  hardening  principle  is  car- 
bonate  of  lime ;  in  porcellaneous  shells  there  is  very  little  animal 
matter,  which  is  gelatine  ;  and  in  mother-of-pearl  shells,  it  is  albumen, 
and  in  lai^er  quantities. 

2039.  Pearls  are  exactly  similar  in  composition  to  what  is  termed 
mother-of-pearl^  in  which  Mr.  Hatchett  found 

Carbonate  of  lime      .......    66 

Albumen      •     , 24 

100 

2040.  In  the  scales  of  Jishj  and  in  the  emits  of  lobsters,  crabs,  prawns, 
and  cray-fish,  Mr.  Hatchett  found  the  animal  portion  to  consist  of  car- 
tilaige  ;  the  hardening  part  was  a  mixture  of  carbonate  and  phosphate 
9f  lime.    From  lobster-^ll  Merat-Gulliot  obtained 

'Carbonate  of  lime •    .    60 

Phosphate  of  lime      .    .    .     .    \     .     .     14 
Cartilage 26 

100 

Vauquelin  obtained  from  100  parts  of  kenU  egg-shett 

Carbonate  of  lime 89.6* 

Phosphate  of  lime 5.7 

Animal  matter    .    •    * 4.7 

100 

Z041.  Zoophytes^  according  to  Mr.  Hatchett's  researches,  maybe 
divided  into  four  classes ;  the  first  resemble  porcellaneous  shells,  and 
consist  entirely  of  carbonate  of  lime,  with  a  very  minute  quantity  of 
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perfect  ditision  of  the  stomach  into  two  catities,  by  tbe  eofitnctio&o^ 
the  bands  of  muscular  fibres  about  its  centre/  He  bas  also  shown  thi^ 
these  liquids,  very  soon  reach  the  kidneys,  and  pass  off  by  urine ;  and 
was  led  to  believe  that  tbe  spleen  was  the  channel  of  commoiiicatioD; 
an  opinion,  howerer,  which  his  subsequent  researches  tended  to  dia* 
prove. — Lectures  on  Comparative  Anatomy ^  p.  221. 

The  chyme  passes  from  the  stomach  into  the  small  intestines,  wberf 
it  soon  changes  considerably  in  appearance ;  it  becomes  blended  wiih 
bile,  and  is  separated  into  two  portions,  one  of  which  is  wlute  as  milk,  and 

ehju.  18  termed  chyle ;  the  other  passes  on  to  the  laige  intestines,  and  is  olti- 
mately  voided  as  excrementitious.  The  chyle  is  absorbed  by  the  he- 
teals^  which  terminate  in  the  cbmmon  trunk,  called  the  thoracic  duct; 
it  is  there  mixed  with  variable  proportions  of  lymph,  and  poured  ioto 
the  venous  system. 

The  excrements  of  animals  hzve  been  examined  by  Berzelias,  (Geh- 
ten's  Journal,  vi.) ;  by  Vauquelib,  (^AnnaUs  de  Chimie^  xxix.) ;  lod  by 
Thaer  and  Einhoff.  An  abstract  of  these  experiment  has  been  pab- 
lished  by  Dr.  Thomson,  in  the  4th  volume  of  his  System  of  CkemUtry. 
2047.  Chyle  has  been  examined  by  several  chemists,  and  their  re- 
sults are  not  widely  different.  During  some  physiological  reseah:faes 
in  which  1  assisted  Mr.  Brodie,  I  had  an  opportunity  of  coUecting  it  ia 
considerable  quantities  in  several  carnivorous  and  graminivorous  aai* 
mals,  and  presented  an  account  of  my  experiments  upon  it  to  the  Royal 
Society.— Pfci/.  Trans.,  1812,  p.  91. 

chMscttn.  ^hyle  is  an  opaque  white  fluid,  having  a  sweetish  saline  taste;  its 
spccitir  gravity  is  inferior  to  that  of  the  blood.  It  exhibits  alight  traces 
of  alcaline  matter  when  tested  by  infusion  of  violets  ;  soou  after  re- 
moval from  the  thoracic  duct,  it  gelatinizes  spontaneously,  and  a^er- 
wards  gradually  separates  into  a  firm  yellowish  white  coagolum,  and 
a  transparent  colourless  serum  ;  so  that,  like  the  blood,  it  enjoys  the 
property  of  spontsmeous  coagulation. 

The  coagulum  of  chyle  possesses  properties  closely  resembling  those 
of  the  caseous  portion  of  milk,  and  may  hence  be  cenndered  as  a  va- 
riety of  albumen  ;  the  serum  of  the  chyle^  when  heated,  deposits  a  iew 
flakes  of  albumen,  and  by  evaporation  to  dryness  affords  a  sms\\  pro- 
portion of  a  substance  analogous  to  sugar  of  milk.  Small  portions  of  phos- 
phate of  lime,  carbonate  of  soda,  and  common  salt,  may  abo  be  detect- 
ed in  the  chyle.  In  these  experimetitd  I  found  no  distinctive  difference 
in  the  chyle  of  graminivorous  and  carnivorous  animals  ;  1  exanuned  it 
from  the  horse,  the  ass^  the  dog,  and  tbe  cat ;  Dr.  Marcet  thinks  that 
the  former  is  less  abundant  in  albumen  than  the  latter^. — ^Tboiuoh's 
Annals^  Vol.  vii. 

»nr.  2048.  There  can  be  little  doubt  that  tbe  bile  performs  an  important 

part  in  the  change  which  the  chyme  suffers  in  the  small  intecrtines ;  it 
has  been  conjectured  that  its  aqueous,  and  perhaps  its  alcaline,  part?, 
are  employed  as  components  of  chyle,  while  the  albumioo-resiDOQ^ 
matter  combines  with  the  excrementitions  portion,  and  tends  to  stimu- 
late the  intestinal  canal  towards  promoting  its  propulsion.     Whether 


•  It  It  •  curions  question,  wthOoce  tbe  nitnjerjD,  which  cooatitBtes  ui  abimdttt  «liJB»i<* 
pnaciple  of  the  chyle  of  herbivorous  uunuils,  is  derived ;  we  find  it  in  reiy  amali  proaonii^* 
oni>  in  their  ordinary  food,  and  yet  I  could  di^cera  no  d-lfepwicc  m  tl»c  coniposiaoaol  tk  al 
bumlaout  portico  of  tbtilr  cfayle,  and  that  of  Mhaeb  fed  exchmvcly  m  rawrtT 
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the  bile  is  absolntely  necessary  to  the  formation  of  chyle,  id  a  qtiestioa 
that  has  not  been  satisfactorily  answered ;  but  its  importance  is  demon- 
strated by  the  emaciation  that  attends  its  deficiency,  and  by  the  disot-t 
dered  state  of  bowels  that  accompanies  its  imperfect  secretion.  Sir 
Everard  Home,  in  his  Lecture  on  tkt  Functions  of  the  Lower  Intestines^ 
{Lectures^  p.  468.)  has  offered  some  curious  facts  connected  with  tlus 
subject,  to  which  I  refer  the  physiological  reader.  He  is  of  opinion 
that,  in  the  large  intestines,  a  portion  of  the  food  unfit  for  chylification  is, 
by  a  process  not  widely  different  fr^m  that  above  described,  (1951^ 
converted,  into  fat,  which  is  afterwards  absorbed  and  conveyed  to  di^ 
ferent  parts  of  the  body. 

2049.  In  chyle  we  cannot  fiJl  to  observe  a  close  approximation  to 
blood  :  it  is  deficient  only  in  colouring  matter^  and  the  albumen  which 
it  contains  differs  a  little  from  that  existing  in  the  blood  itself ;  it  ap* 
pears,  therefore,  that  the  albumen  is  perfected,  and  the  colouTing  mat- 
ter formed,  in  the  process  of  circulation  ;  the  saccharine  principle  of 
the  chyle  is  also  no  longer  perceptible. 

2050.  The  difference  between  arterial  and  venous  blood,  has  been 
adverted  to  in  a  previous  section ;  the  former  is  of  a  florid  red  co- 
lour, and  circulates  in  the  arterial  system  ;  it  is  contained  in  the  left 
ventricle  of  the  heart,  and  thence  carried  by  the  aorta,  and  its  ramifi- 
cations, to  every  part  of  the  body,  tending  to  re-production  and  secre- 
tion :  it  afterwards  enters  the  veins  which  arise  from  the  extremities 
of  the  arteries,  and  form  accompanying  branches  and  trunks  ultimate- 
ly uniting  in  the  vena  cavcR,  which  pour  their  contents  into  the  right 
auricle  of  the  heart ;  the  venous  blood  is  thence  propelled  into  the 
right  ventricle,  from  which  the  pulmonary  artery  arises,  transmitting 
it  through  the  lungs,  whence  it  is  returned  by  the  pulmonary  vein  into 
the  left  auricle,  which  transmits  it  to  the  left  ventricle,  from  which  is- 
sues the  aorta  as  aforesaid.  So  that  the  right  cavities  of  the  heart  re- 
ceive venous  blood,  and  transmit  it  through  the  lungs,  whence  it  re- 
turns to  the  left  side  of  the  heart,  in  the  arterial  state.  In  the  lungs 
the  blood  is  infinitely  subdivided,  and  spread  over  a  very  large  surface 
in  vessels  so  delicate  as  to  admit  of  the  operation  of  the  atmospheric 
air  contained  in  their  cells ;  it  enters  the  pulmonary  structure  in  the 
venous  state  by  the  pulmonary  artery,  and  returns  in  the  arterial  or  ae^ 
rated  state,  by  the  pulmonary  vein.  It  now  remains  to  examine  the 
changes  which  the  blood  undergoes  during  pulmonary  circulation. 

2051.  Respiration  is  the  process  of  receiving  a  quantity  of  air  into 
the  lungs,  whence,  *after  having  been  retained  a  short  time,  it  is  again 
expelled  in  the  action  of  exspiration ;  and,  if  now  examined,  a  portion 
of  its  oxygen  is  found  converted  into  carbonic  acid,  and  it  is  more  or 
less  loaded  with  aqueous  vapour. 

Obvious  circumstances  render  it  very  difficult  to  ascertain  the  quan-Nimib«rofr««- 
tity  of  air  taken  into  the  lungs  at  each  natural  inspiration,  as  well  as^^*^'^ 
the  number  of  respirations  made  in  a  given  time  ;  the  former  is  per- 
haps about  15  or  16  cubic  inches,  and  the  latter  about  20  in  a  ininute. 

It  has  been  by  some  supposed  that  the  air  suffers  an  absolute  diminu-chu^ofae 
tion  of  bulk,  but  the  experiments  that  have  been  adduced  to  prove "^ "^*"** 
this,  can,  I  think,  scarcely  be  regarded  as  satisfactory;  it  seems,  on  the 
contrary,  most  probable  that  the  volume  of  air  expired  is  exactly  equal 
to  that  inspired,  and  consequently  the  only  chemical  change  that  is  evi- 
dent is  the  saturation  of  a  portion  of  its  oxygen  with  carbon.    The 

4  F 
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qaantity  of  carbonic  acid  emitted  at  each  exspiratioo,  varies  at  Ms- 
eot  periods  of  the  daj»  and  probably  also  in  different  individQals ;  it 
appears  at  its  maximum  daring  digestion,  and  at  its  minimnm  in  tkt 
morning,  when  the  stomach  is  empty,  and  when  no  chyle  is  flowiDg 
into  the  blood.  Dr.  Front  has  shown  that  fermented  liquors  and  re* 
getable  diet  diminish  the  proportion  of  carbonic  acid,  and  that  the 
•ame  thing  happens  when  the  system  is  affected  by  mercury.  (Tbom- 
son's  System,  iv.  621.) 
Qtnatrty  of  The  air  expired  may  be  regarded,  I  think,  as  containing,  on  an  are- 
cwbwiie  Mid.  rage,  3.6  per  cent,  of  carbonic  add,  though  Messrs.  Allen  and  Pepjs, 
in  their  valuable  Essay  on  Respiration^  (Phil.  Trans.,  1808.)  hare  es- 
timated it  at  about  twice  that  quantity  ;  it  amounted,  in  their  experi- 
ments, to  27.5  cubic  inches  per  minute,  a  quantity  probahlf  abore  tiie 
truth,  when  we  reflect  upon  the  comparative  proportion  atcuboa  ex- 
isting  in  our  food,  and  the  other  means  of  escape  which  it  iae  £t»D  the 
body. 

The  aqueous  vapour  contained  in  the  expired  air  is  secreted  bjthe 
exhalents  distributed  over  the  surfece  of  the  air-vessels  of  the  kngs ; 
attempts  have  been  made  to  estimate  its  quantity,  but  without  success ; 
it  is  probably  liable  to  variation,  and  can  scarcely  be  considered  as  a 
product  of  respiration. 

It  has  been  above  stated  that  the  whole  of  the  venous  blood  is  pro- 
pelled through  the  vessels  of  the  lungs,  where  it  is  subjected  to  the 
action  of  the  air ;  the  chyle  is  of  course  carried  along  with  it,  and  wbeo 
it  returns  by  the  pulmonary  vein  to  the  lefl  side  of  the  heart,  it  has 
undergone  a  considerable  change  in  appearance,  having  lost  its  dingy 
colour,  and  acquired  a  fine  florid  red ;  the  chyle  also  has  become  per- 
fect blood.  The  change  of  colour  is  evidently  owing  to  the  action  of 
the  air,  which  takes  place  through  the  thin  coats  of  the  circulating 
vessels,  and  the  end  thus  attained  is  the  removal  oC  the  carbon  from 
the  venous  blood,  by  which  the  colouring  matter  was  obscured  *.  \he 
carbon  to  be  thus  readily  soluble  in  oxygen  must  be  in  some  peculiar 
state ;  a  portion  of  it  is  also  removed  by  the  absorbents,  and  transferred 
to  the  glands  situate  at  the  root  of  the  lungs  between  the  subdirisions 
of  the  bronchia,  which  often  contain  a  laige  portion  of  black  matter. 
This  has  sometimes  been  referred  to  soot  inhaled  with  the  ur,  but 
many  circumstances  render  it  more  probable  that  it  is  a  caiboaaceous 
deposit  from  the  blood.  The  only  chemical  difference,  then,  which 
can  be  detected  between  arterial  and  venous  blood,  is  the  existence  of  a 
certain  excess  of  carbon  in  the  latter,  which  it  gives  off  to  oi^gen, 
forming  carbonic  acid ;  the  blood  is  thus  fitted  for  the  renovatioo  of 
parts,  for  the  formation  of  secretions,  and  for  the  sustenance  of  life  bj 
its  action  on  the  cerebral  system ;  for  although  the  heart  does  not  di- 
rectly refuse  to  circulate  venous  blood,  pandysis  and  torpor  ensue 
when  blood,  not  aerated,  passes  into  the  vessels  of  the  brain. 
yenpiratieo.  2052.  It  has  already  been  shown  that  the  blood  suffers  very  impor- 
tant changes  in  the  kidneys  and  liver ;  the  function  of  perspiration  abo 
must  be  considered  as  connected  with  an  alteration  of  the  circulatir^; 
fluid,  for  moisture,  carbonic  acid,  and  minute  quantities  of  phosphoric 
acid,  and  saline  matter,  among  which  is  common  salt,  are  evacuaied  by 
the  cutaneous  vessels.  This  quantity  of  humidity  is  sometimes  very 
considerable,  especially  during  violent  exercise  in  warm  weather,  and 
it  contributes  materially  to  diminish  the  temperature  of  the  body;  a 
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portion  of  water,  however,  is  at  all  times  passing  oflf  by  the  skin,  as 
may  be  seen  by  putting  the  hand  into  a  dry  and  cold  glass,  which  soon 
becomes  dimmed  by  the  condensation  of  vapour. 

2053.  Different  animals  require  very  different  quantities  of  oxygen  ^n^qn^Jqa*"- 
for  the  purposes  of  respiration.     Man,  and  warm-blooded  animals,  ^en^Mcess^f/ 
consume  the  largest  quantity ;  the  amphibious  tribes  not  only  require  J^^^^"*"* 
less,  but  can  breathe  in  an  atmosphere  which  will  not  support  the  life 

of  the  former  ;  and  many  insects  take  such  small  quantity,  as  some- 
times to  have  been  supposed  capable  of  Uving  without  air,  which  is  not 
the  case.  In  the  production  of  carbonic  acid  all  animals  agree,  and 
consequently  the  nature  of  the  deterioration  suffered  by  the  air  is 
similar  throughout  the  animal  creation. 

Fishes  breathe  the  air  which  is  dissolved  in  water ;  they  therefore 
soon  deprive  it  of  its  oxygen,  the  place  of  which  is  supplied  by  car- 
bonic acid ;  this  is  in  many  instances  decomposed  by  aquatic  vege- 
tables, which  restore  oxygen,  and  absorb  the  carbon  (1535)  ;  hence 
the  advantage  of  cultivating  growing  vegetables  in  artificial  fish-ponds. 
it  has  been  ascertained  by  Biot,  and  verified  by  others,  that  the  air* 
bladders  of  fish  that  live  in  very  deep  water  are  filled  with  a  mixture 
of  oxygen  and  nitrogen,  in  which  the  former  greatly  preponderates  ; 
but  in  fish  that  are  taken  near  the  surface,  the  nitrogen  is  most  abun- 
dant. In  the  irygla  lyra^  always  caught  in  very  deep  water,  the  air- 
bladder  contained  87  per  cent,  of  oxygen :  in  the  carp  and  roach,  ac- 
«ording  to  Fonrcroy  and  Priestley,  the  air-bladder  contains  little  else 
than  nitrogen. — Biot,  M^moires  d'  Arcueil^  i.  &  ii. 

2054.  The  production  of  animal  heat  is  perhaps  the  most  recondite  j^nimai  Wt, 
of  all  the  functions ;    the  power  appears  to  belong  to  aU  animals, 
though  to  some  in  a  very  inferior  degree.     The  higher  orders  of  ani- 
mals always  maintain  a  temperature  of  about  100^  ;  it  varies  a  little  in 
different  parts  of  the  body,  the  extremities  and  suiiace  being  a  degree 

ot  two  colder  than  the  interior  vital  or^ms.  This  temperature  is  pro- 
bably very  little  affected  by  external  circumstances,  a  hot  or  cold  at- 
mosphere producing  no  corresponding  change  in  the  heat  of  the  cir« 
culating  blood. 

When  the  chemical  changes  that  take  place  during  respiration  had 
been  inquired  into,  and  when  it  was  found  that  the  capacity  of  carbon- 
ic acid  for  heat  was  less  than  that  of  oxygen,  it  was  supposed  that  the 
conversion  of  oxygen  into  carbonic  acid  was  the  cause  of  the  rise  of 
temperature :  and  as  the  heat  of  the  lungs  does  not  exceed  that  of 
other  parts,  it  was  asserted  that  the  air  was  absorbed  by  the  blood,  and 
that  the  production  of  carbonic  acid,  and  consequent  evolution  of  heat 
took  place  gradually  during  the  circulation.  To  these  opinions  many 
strong  objections  have  from  time  to  time  been  urged  by  different  phy- 
siologists, but  their  complete  subversion  followed  the  researches  of 
Mr.  Brodie,  {PML  Trans,  j  1812.)  who  found  that  the  heart  was  capa- 
ble of  retaining  its  functions  for  some  hours,  and  of  carrying  on  circu- 
lation in  a  decapitated  animal,  and  consequently  independent  of  the  in« 
fluence  of  the  brain,  when  respiration  was  artificially  carried  on. 
Under  these  circumstances  it  was  observed,  that  although  the  change 
of  blood  from  the  venous  to  the  arterial  state  was  perfect,  no  heat  was 
generated,  and  that  the  animal  cooled  regularly  and  gradually  downta 
Uie  atmospheric  standard.  In  more  than  one  instance  I  examined,  at 
his  request,  the  expired  %iry  an&fbapd  that  it  contained  as  much  car- 
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bonlc  acid  as  was  produced  by  the  hedthy  animal ;  so  that  here,  circa- 
lation  went  od,  there  was  the  change  of  oxygen  into  carbomc  acid,  md 
the  alteration  of  colour  in  the  blood,  and  yet  no  heat  whaterer  appear- 
ed to  be  generated. 

In  these  cases  a  period  was  also  put  to  the  secretory  functions  ;  s^ 
it  has  been  observed  by  several  other  physiologists,  that  if  the  nerrei 
that  supply  any  of  the  glands  are  injured  or  divided,  there  is  a  corres- 
ponding change  or  suspension  of  their  secretion.  Electri^ty  has  some- 
times been  supposed  to  have  some  connexion  with  the  nerroiis  infla- 
ence,  and  the  fact  of  some  of  the  secretions  being  alcaliDe,.  while 
others  are  acid  (corresponding  to  negi^e  and  positive  influence),  lag 
been  adduced  in  favour  of  the  pupposition*,  but  experiment  has  gone 
little  way  to  sanction  such  a  notion,  and  although  it  has  been  proved 
that  the  nervous  influence  contributes  to  the  generation  of  heat  in  ao- 
imals,  that  it  presides  over  the  phasnomena  of  secretion,  as  well  is  o£ 
voluntary  motion,  the  actual  cause  of  this  influence,  or  taergj^  re- 
mains among  those  mysteries  of  nature  which,  doobtkss,  Ar  the 
wisest  purposes,  are  hidden  to  the  human  understanding. 


CHAPTER  X. 


GEOLOGY. 


2056.  Having  detailed  the  properties  of  the  elementary  bodies,  and 
of  their  natural  and  artificial  cembinationSt  and  having  dleaciibed  tbe 
products  of  the  v^etable  and  animal  creation,  it  r^nauis  in  this,  the 


*  In  the  PAt2oM9iA«ca/7VuiuaclMfuibrl809,p.385,Sir£Tei^ 
CPtot  of  tbew  Tiewf,  in  •  paper  estHUd  BiMf  oil  |l<  Sto^^  ^  j9ik^ 
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concladidig  chapter,  to  notice  the  general  arrangements  of  the  mineral 
world,  to  describe  the  mutual  relations  of  the  substances  constituting 
the  surface  of  our  globe,. and  to  examine  their  characters  and  compo- 
sition :  these  inyestigations  form  the  object  of  geological  science. 


Section  I.  General  Remarke  an  the  Objects  of  Geological  Science,-^ 
Sketch  of  ihe  Theories^  Buimet,  WoodTmrd,  Leibnitz^  Whiston,  White- 
huritf  and  B%ffon.~^Wemerian  and  HuUonian  T%eories. 

80M.  Geologt  embraces  so  many  topics  of  discussion,  its  range  is 
so  extensive,  and  the  meanings  given  to  the  term  are  so  various  and 
opposite,  as  to  throw  no  inconsiderable  difficulties  in  his  way  who 
would  enumerate  and  expound  them.  Persons  have  been  called  geo- 
logists, who,  ^ed  with  prolific  imaginations,  have  indulged  in  fanciful 
ipeculation  concerning  a  former  order  of  things,  and  have  i«ared  hy- 
potheses respecting  the  origin  of  our  planet,  upon  foundations  so  flim- 
sy and  unsubstantud,  as  to  deserve  no  other  appellation  than  flightv 
excursions  of  a  poetic  mind.  Others,  by  careful,  diligent,  and  extend- 
ed observations  of  the  present  state  of  the  earth's  sur&ce,  have  en- 
deavoured, in  the  path  of  induction,  to  trace  the  nature  of  the  agents 
which  have  once  been  active,  to  ascertain  how  far  they  are  now  operat- 
ing, and  to  anticipate  the  resulte  of  their  continuance.  If  they  frame 
theories,  they  do  so  upon  the  results  of  actual  research ;  if  diey  in- 
dulge in  speculation,  they  assign  to  it  its  proper  place.  These  are  real- 
ly geologists,  and  their  aim  is,  nof  to  imagine  or  suppose,  but  to  di$eo» 
ver  ttie  nature  of  all  chai^ges  of  the  earth's  anrfiice  and  interior,  and 
llience  to  arrive  at  the  law>4;^t  r^ulate  them. 

Geology,  as  a  branch  of  inductive  science,  is  of  veiy  modem  date  ; 
for  though  the  attention  of  men  has  long  been  turned  to  a  theory  of  the 
eartii,  ^e  formation  of  such  a  theory  is  incompatible  with  any  but  an 
advanced  state  of  physical  knowledge.  There  appear,  indeed,  few 
•tudies  of  more  difficulhr ;  none  in  which  the  subjects  more  complex  ; 
stppearances  so  diversined  and  acattered ;  and  where  the  causes  that 
Inve  operated  are  so  remote  from  the  sphere  of  or^ary  observation. 

8067.  The  first  writer  upon  this  soliject,  whose  name  merits  notice, 
is  Thomas  Bamet*»  who  may  iustly  be  said  to  have  adorned  the 
latter  half  of  the  seventeenth  century.  And  though  it  be  true  that  his 
pea  has  rather  recorded  the  sallies  of  a  vivid  ima§^tion,  than  the  in- 
Ibrences  of  sober  argument,  he  will  still  be  read  witii  s«me  profit, 
tluH^  certainly  with  more  fdeasnre,  even  in  these  tim«s«  The  ob- 
jection to  Burnet  aid  his  contemporaries,  and  immediate  successors,  is, 
that  they  fancifiitty  go  back  to  the  chaotic  state  of  the  earth,  and  after 
enlarging,  embellishing,  and  obscuring  the  Mosaic  history,  they  pretend 
to  have  illustrated  and  proved  it.    Accordio^y»  Burnet,  in  his  Sacred 


♦  The  Satred  Theory  of  iheEmih,e(miaink^gmaeceuniqf  the  Oi^ 
and  ^  oU  ^  Oenend  Changes  vOuck  it  haih  ainadjf  underme,  or  U  to  undirgo,  tili  the 
OmtummaHontfaUJTunrs,    (Svo.,  Londoo,  (736.)    PaUiibed  ociginsHy  fai  Utia  in  1681 
sod  1S89. 
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Theory  of  Ae  E^rih^  begins  with  the  separation  of  elements  from  a  floi^ 
Diass.     The  heaviest  particles  sank,  and  formed  a  nucleus,  and  w^i 
and  air  took  their  respective  stations  :  upon  the  water,  however,  the 
air  afterwards  deposited  a  rich  unctuous  crust,  which  begat  TegetatioD, 
and  a  beautiful  verdure  clothed  the  whole.     There  were  no  moon- 
tains,  no  seas,  no  protuberances,  or  inequalities ;  and  the  equator  be- 
ing coincident  with  the  plane  of  the  ecliptic,  all  the  charms  of  Bpiing 
were  perpetual.     This  state  of  things,  however,  did  not  thus  contiooe 
for  many  centuries  ;  for  the  sun  caused  large  cracks  and  fissures  in  the 
exterior,  which,  by  gradual  increase,  extended  to  the  great  aqoeoos 
abyss  ;  the  waters  rose  higher  and  higher,  the  surface  was  utterly  bro- 
ken up  and  destroyed,  and  an  universal  deluge  took  place :  at  length 
dry  land  began  again  to  appear,  owing  to  a  gradual  subsidence  of  the 
waters,  which  retired  into  caverns  and  crevices  originally  existiii^  in 
the  nucleus,  or  formed  by  the  disruption  of  the  crust ;  upon  the  io- 
creasing  dry  land,  vegetation  began  again  to  exist,  and  onr  present  is- 
lands and  continents  were  formed,  while  the  sea  still  occiipies  in  part 
its  original  bed. 

1  do  not  recite  the  minutiaB  of  Burnet's  romance,  nor  shalll  meddle 
with  the  adjustments  of  these  and  the  like  speculations  to  the  records 
of  Holy  Writ.  If,  in  the  laborious  path  of  experimental  investigation, 
we  are  occasionally  rewarded  with  the  discovery  of  some  new  a^ta- 
tions  of  causes  and  e£fects,  which  had  before  escaped  notice,  but  which 
demonstrate  how  all  things  on  earth  are  made  to  work  together  for 
good,  the  discovery  strei^thens  our  faith,  and  calls  forth  the  best  feel- 
ings of  which  the  human  heart  is  susceptible ;  but  we  must  not  pre- 
sume to  submit  the  aptitude  of  nature's  anangements  to  the  feeble 
powers  of  human  decision,  to  doubt  her  perfection,  because  our  im- 
becile capacities  cannot  attain  its  comprehension,  or  to  found  oar 
proofi  of  the  existence^  or  even  of  the  attributes,  of  the  Deity,  upon 
the  limited,  imperfect,  or  ideal  conception  of  the  excellence  of  na- 
ture's works,  of  which  the  human  understanding  is  capable. 

Although  Burnet's  Theory,  as  he  calls  it,  was  a  mere  hypothetiod 
product  of  the  imagination,  unsupported  by  a  ain^e  fwct,  or  by  the 
slightest  observed  phaenomenon,  it  excited  much  admiration  and  some 
discussion,  and  wua  criticised  with  much  acrimony  and  some  ability* ; 
more  especially  by  Keill,  of  Oxford!*  His  style  is  in  general  terse 
and  elegant,  though  it  occasionally  degenerates  into  the  predominaiit 
pomposity  of  the  period  at  which  he  wrote.  He  was  the  trandator 
of  his  own  work  from  Latin  into  English.  Two  brief  samples  from  the 
latter  will  be  sufficient  for  elucidation.  After  observii^  that  the  ob- 
scurity ^nd  remoteness  of  his  subject  has  by  some  been  used  as  an 
argument  ^nst  undertaking  it,  *'  This,"  says  he,  '*  does  but  add  to 
the  pleasure  of  the  contest  where  there  are  hopes  of  victory,  and  suc- 
cess more  than  recompenses  all  the  pains.    No  joy  is  oiore  grateful  t» 


*  Bv  Dr.  Herbert  Ciofte,  in  16SS :  bj  Dr.  BeanmL  kk  1693,  and  \w  Enaaas  Wamn. 

f  An  EMoninaHen  of  Dr.  BumeCa  Jfuory,  Ac.,  by  J.  Keill.  A.  M.,  cT  Baliol  Coft, 
Oxon.  Second  Edition,  1734,  Sm  "  He  (Bunet)  begins  his  diacoutse  with  a  »7ii^  of  » 
old  heathen,  that  phUoaophy  is  the  greatest  gift  that  ever  Godbestoiredonman;  batittsphin 
to  any  who  will  be  at  the  pains  to  read  his  book,  that  God  has  tboi^t  lil  to  beslow  but  f«7 
Utde  of  that  great  gift  upon  him,  and,  that  the  woridioaT  not  8sy  tUs  18  m-iiatnrsi  1  will  ff^ 
thew  a  taste  of  his  phylosophv,*'  ^c. 

This  i«  the  general  style  of  the  JEmmiMtion. 
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man  than  the  discovery  of  truth,  especially  where  it  is  hard  to  come 
hy.  Every  man  has  a  delight  suited  to  his  genius,  and  as  there  is  plea- 
sure in  the  right  exercise  of  any  faculty,  so  especially  in  that  of  right 
reasoning,  which  is  still  the. greater  by  how  much  the  consequences 
are  more  clear,  and  the  chains  of  them  more  long.  There  is  no  chase 
so  pleasant,  methinks,  as  to  drive  a  thought  from  one  end  of  the  world 
to  the  other,  and  never  to  lose  sight  of  it  till  it  falls  into  eternity^  where 
all  things  are  lost,  as  to  our  knowledge." 

The  following  passage  from  Burnetts  work  has  been  highly  eulogiz» 
ed  by  Steele*,  ?nd  certainly  it  merits  praise  ;  it  is  a  funeral  oration 
over  the  globe  :  *'  Let  us  now,*'  says  he,  ^'  reflect  on  the  transient 
glory  of  the  earth  ;  how,  by  the  force  of  one  element  breaking  loose 
on  the  rest,  all  the  beauties  of  nature,  each  work  of  art,  and  every  la- 
boor  of  man  are  reduced  to  nothing  ;  all  that  once  seemed  admirable, 
is  now  obliterated  :  all  that  was  great  and  magnificent,  has  vanished  ; 
and  another  form  and  face  of  things,  plain,  simple  and  Uniform  over- 
spreads the  earth.  Where  are  now  the  empires  of  the  world  ?  where 
the  imperial  cities,  the  pillars,  trophies,  and  tnonumenta  of  glory  ? 
what  remains,  what  impressions  or  distinctions  do  you  now  behold  ? 
what  is  become  of  Rome,  the  great  city  ;  of  eternal  Rome,  the  em- 
press of  the  world,  whose  foundations  were  so  deep,  whose  palaces 
were  so  sumptuous  ? — her  hour  is  come  ;  she  is  wiped  from  the  face 
of  the  earth,  and  buried  in  everlasting  oblivion.  But  not  the  cities 
only,  and  the  works  of  men's  hands,  but  the  hills  and  mountains^  and 
rocks  of  the  earth,  are  melted  as  wax  before  the  sun,  and  their  place 
is  no  where  found  ;  all  have  vanished  and  dropped  away>  like  the  snow 
that  once  rested  upon  their  summits!." 

It  is  impossible  to  read  this  quotation,  without  being  reminded  of  one 
of  the  most  beautiful  passages  in  the  Ari  of  Preserving  Healthy  where 
Armstrong  has  happily  introduced  very  similar  ideas  : 

"What  does  not  fade  f  the  tower  fhat  long  had  stood 
The  crash  of  thunder  and  the  warring  winds, 
Shook  by  the  slow,  but  sure  destroyer,  Time, 
Now  hangs  id  doubtful  ruins  o*er  its  base ; 
And  flinty  pyramids,  and  walls  of  brass, 
Descend:  the  Babylonian  spires  are  sunk; 
Achaia,  Rome,  and  Egypt  moulder  down; 
Time  shakes  the  stable  tyranny  of  thrones, 
And  tottering  empires  rush  bv  their  own  weight ; 
This  huge  rotundity  we  tread  grows  old, 
And  all  those  worlds  that  roll  around  tlie  sun, 
Th(>  sun  himself  shall  die,  and  ancient  night 
Again  in\  olve  the  desolate  abyss|. 

1  might  select  many  more  beauties  from  the  Sacred  Theory  of  the 
Harth,    The  passages  I  have  quoted,  however,  show  the  general 

♦  Spectator,  No.  146. 

Attached  to  the  English  edition  of  Burnetts  work,  above  referred  to,  is  an  **  Ode  to  the  Au- 
0  llior,  b^  Mr.  Addison,**  in  the  ordinaiy  fulsome  style  of  that  peiiodL    The  following  stanza  is 
a  specunen: 

Jamqne  alta  Cceli  moenia  corruunt, 

Et  vestra  tandem  pagina,  (proh  ncfas !) 

Bumctte,  vestra  augebit  ioies, 

Heu !  socio  peritura  Mundo. 
>  Bumefs  Theory,  Vol.  ii.,  p.  25. 
I  Art  tif  Preserving  Healthy  B.  ik 
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ftraia  of  the  author,  and  it  would  be  IrreleTant  amusement  to  panne 
them. 

2068.  A  veiy  different  reasoner  from  Burnet  was  Woodward  ;  he 
was  nothing  of  a  poet,  and  not  much  of  a  philosopher  ;  he  pretends  to 
be  a  matter-of-&ct  man  ;  but  having  collected  a  few  observations  res* 
pecting  the  contents  of  strata,  hastily  proceeded  to  the  erection  of  a 
theory  ;  **  to  build  a  ship,"  as  Lord  Bacon  says,  **  with  materials  insuf- 
ficient for  the  rowing-pins  of  a  boat.**  Woodward  observed  the  exist- 
ence of  fouil  shells,  and  remarked  that  the  lower  strata  of  the  earth's 
surface  were  generally  harder  than  the  upper,  which  were  o£  more 
light  and  pulverulent  materials  :  whence  he  concluded,  that  at  the  pe- 
riod of  the  deluge,  the  earth  had  acquired  a  new  crust  deposited  upon  it 
bv  the  waters,  in  the  succession  of  the  specific  gravity  of  the  maten- 
aiB ;  the  heaviest,  coarsest,  and  hardest  bodies  forming  what  to  os 
seem  a  nucleus,  covered  by  finer  and  lighter  deposits*. 

2069.  About  this  time  Leibnitz  published  his  Pratogwai  ;  he  sup- 
poses the  earth  to  have  been  in  a  state  of  combustion  for  many  ages^ 
and  at  length  to  have'  gone  out  for  want  of  fuel.  A  glassy  cnist  was 
thus  formed,  which  gave  rise  to  sand  and  gravel ;  other  kinds  of  edi\h 
resulted  from  sand  and  salt ;  and  as  the  globe  cooled,  the  water  wludi 
had  before  been  kept  in  the  state  of  steam,  assumed  fluidity,  and,  fidl- 
ing  to  the  earth  produced  the  ocean.  The  particulars  of  these  notions 
are,  of  course,  not  worth  reciting. 

2060.  Whistont  having  blended  the  follies  of  Burnet,  Woodward, 
and  Leibnitz,  endeavours  to  conceal  his  imbecility  nnder  the  Jion's 
skin  of  mathematical  calculation  ;  and  taking  many  things  for  granted, 
of  which  there  is  not  the  most  distant  probabiliQr,  leaves  os  bewilder- 
ed and  perplexed ;  he  is  neither  plausible  nor  amusing,  and  is  best 
known  as  having  caJled  forth  the  libellous  witticism  of  SwUU 

2061.  But  there  was  a  contemporary  of  Whiston,  wYiose  works  de- 
serve more  attention ;  John  Whitehurst§,  a  native  of  Con^elon,  in 
Cheshire  ;  he  passed  much  of  his  time  in  Derbyshire,  and  mvestigated, 
with  considerable  ability,  the  stratification  of  that  rich  and  interestii^ 
county ;  *<  hoping,'*  as  he  expresses  it,  "  to  obtain  such  knowledge  of 
subterraneous  geography,  as  might  be  subservient  to  the  purposes  of 
life,  by  exposing  new  treasures  which  are  concealed  in  the  lower 
regionsll."     In  his  inquiry  into  the  original  state  and  formation  of  the 

«  Woodw&rd  applied  (be  geoloocal  obaenradoos  he  liad  made  in  Ei^aod  loodier  coon- 
tries.  "  I  was  abondantly  assured  that  the  circumstances  of  these  things  in  remoler  cwtries 
were  much  the  same  with  those  of  oura  here ;  that  the  stone  and  other  terrestrial  matter  in 
Fnmce,  Flanders,  Holland,  Spain,  Italy,  Germanj,  Dcnmaric,  Norwaj,  and  Sweden,  was  di»- 
tiagvished  into  layevB,  as  it  is  in  Engiand,  4rc.  ^c.  To  be  short,  1  gaUkOelOmemx  diat these 
thincs  were  the  same  in  Africa,  Anbia,  Persia,  and  other  Asiatic  provmoes;  inAn»- 
rica^'  4re.  See  An  Esm  towards  a  JTaiural  Hittory  cf  the  Earffk  mmd  Thrrtsirud  Bn- 
dies,  by  John  Woodward,  M.  D.,  ^e.  London,  1702. 

t  Leilmiim  Opera  Omma.    Genevae,  1768.    Vol  ii.  p.  199. 

t  J^TewTfuoTjfqf  the  Earth,  Ac  By  ITilUam  1/Vhiston,  M.  A.  4th  Edition,  LaiidaB,173A 

{  The  Works  ^  John  IVhitshurst,  F.R.S.,  London,  1729.    «<  It  is  my  inloitioa  (sayi 
Whitehmst,  in  his  Prrfad  to  the  J^vfictry  tnio  the  Ortginal  SiaU  mtd  Fbrmalion^  «*•  « 
Earth,  to  trace  appearances  in  nature  from  caoses  truly  existent;  and  to  inquire  after  those 
laws  by  which  the  Creator  chose  to  ionqn  the  world,  not  those  by  whicii  he  might  iiaTe  kxxati 
it,  had  he  so  pleased.** 

JWhitehurst  particularly  notices  the  nmilarity  of  succession  in  the  strata  of  Englttd; 
in  his  description  of  Uerbydure,  he  mentions  the  resemblance  of  the  toadntooe  to  Isrs, 
and  mfere,  from  its  appearance,  situation,  and  effects,  that  it  must  hare  issued  from  htkm  » 
an  igmted  state ;  tliat  it  must  have  been  projected  with  mat  vblence  amidst  fiie  suseraKimi- 
hent  strata,  and  that  their  displacements  and  im^ariSes  aie  the  consequeace. 
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earth  he  has  assiduously  collected  facts,  among  whi^h  his  ftccouitt  of 
the  strata  of  Derl)yshire  retains  much  value  at  the  present  day,  thou^ 
repeated  investigations  have  since  been  made  M^ith  all  the  advantages 
of  modem  improvement.  And  as  to  his  theoretical  views»  I  think  it 
is  scarcely  going  too  far  to  say,  that  they  are  th€  best  extant :  for,  un^ 
like  latter  geologists,  he  first  collected  facts  and  then  constructed  his 
theories ;  and  those  who  are  unbiassed  by  speculative  doctrine,  and 
really  think  for  themselves,  will  consequently  accede  to  by  fiur  the 
greater  number  of  his  leading  propositions. 

2062.  But  no  one  has  proceeded  to  the  bruaag  of  a  theory  of  the 
earth  with  the  pomp  and  circumstance  of  Boffon*.  It  merits  attention, 
not  on  account  of  its  accordance  with  preset  appearances,  or  as  af- 
fording plausible  solutions  of  observed  phsenomena,  but  from  the  elo- 
quence with  which  it  is  adorned,  the  extent  of  information  it  displays, 
and  the  popularity  it  derived  from  these  sources. 

He  supposes  Uie  planets  in  general  to  have  been  struck  off  from  the 
sun  by  a  comet ;  that  they  consisted  of  finid  matter,  and  thence  as- 
sumed a  spherical  form ;  and  that  by  the  union  of  centnf^al  and  cen- 
tripetal forces  they  are  restrained  in  their  present  orbits.  The  earth 
gradually  cooled,  and  the  circumambient  vapours  condensed  upon  its 
sur&ce,  while  sulphureous,  saline,  and  other  matters,  penetrated  its 
cracks  and  fissures,  and  formed  veins  of  metallic  and  mineral  products. 
•The  scarified,  or  pumice-like  surface  of  the  eardi,  acted  upon  by  wa- 
ter, produced  clay,  mud,  and  loose  soils ;  and  the  atmosphere  was  con- 
stituted of  subtile  effluvia,  floating  above  all  the  more  ponderous  ma- 
terials. Then  the  sun,  and  winds,  and  tides,  and  the  earth's  motion, 
and  other  causes,  became  effective  in  prodocn^  new  changes.  The 
waters  were  much  elevated  in  the  equatorial  regions,  and  mud,  grav.el, 
and  fragments  were  transported  thiUier  from  the  poles ;  hence,  says 
Buffon,  the  highest  mountains  lie  between  the  tropics,  the.  lowest  to- 
wards the  poles ;  and  hence  the  infinity  of  islands  which  stud  the  tro- 
pical seas.  The  globe's  surface,  once  even  and  regular,  became  now 
ro!]^h  and  irr^pdar ;  excavations  were  formed  in  one  part,  and  land 
was  elevated  in  another ;  and  during  a  period  of  ages,  uie  fn^ments 
of  the  original  materials,  the  shells  of  various  fidbi,  and  different  other 
exuvifls,  were  ground  up  by  the  ocean,  and  predttced  calcareous  strata» 
and  other  low-land  depositions.  These  relics  of  marine  animals  we 
find  at  snch  heights  above  the  presottt  level  of  the  sea,  as  to  render  it 
more  than  probsdde  thai  the  ocean  once  entirely  overwhelmed  the 
earth. 

Of  the  pbaenomesa  I  have  hinted  at,  Bnfon  takes  particular  and  ex- 
tended notice,  and  draws  from  them  a  seiies  cf  curious  and  minute 
conclusions  ;  not,  however,  satisfactory  or  logical,  inasmuch  w  many 
of  the  data  ihej  are  founted  upon  are  imaginary,  nsit  real,  ^t^y  one 
who  now  contemplates  the  earth's  sur&ce,  must  trace  upon  it  marks 
of  the  most  dire  and  rnkspsffing  revolc^ns,  which,  firona  the  present 
order  of  things,  it  appears  impossible  should  re-occur,  except  by  the 
united  and  continuous  agency  of  the  most  active  powers  of  destruction. 
This,  says  Buffon,  arose  from  the  soft  sistte  of  the  former  cnist  of  the 
earth ;  and  those  causes,  now  imbecile  and  slow  in  their  operation, 
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irere  theft  more  effectually  eierted,  and  results  were  obtained  ki  t 
Sew  years,  for  wbicb  ceoturiea  would  now  be  insofficient. 

This  amusing  theorist  next  proceeds  to  contemplate  the  prodnctioi 
of  rivers,  whidi  he  regards  as  ha?ing  cut  their  own  way  to  the  ocean. 
as  gradnaUy  wearing  down  the  monntainons  lands,  filling  up  valleys,  and 
choking  their  exits  into  the  ocean  by  the  transportation  of  fin^-diru^ 
ed  materials.  Thns  every  thi^g  is  slowly  retaming  to  its  fenner 
state ;  the  momituns  will  be  levelled,  tiie  valleys  heightened^  excava- 
tions filled  np,  and  the  ocean  will  again  cover  the  earth. 

I  shall  not  enter  into  the  various  confutations  of  these  specalatire 
'  notions,  nor  dwell  upon  many  modem  theories  to  which  they  lkar« 
given  rise.  Pallas,  Kirwan,  De  Luc,  and  others,  have  ammadverfed 
upon,  but  can  scarcely  be  said  to  have  improved,  Buffon*s  faypotbeai^; 
and  as  we  set  out  with  granting  it  to  be  the  mere  fiibric  of  im^^'naPoB, 
it  would  be  folly  to  submit  it  to  the  solemnity  of  philosophic  cri^daiL 

2063.  Many  other  theories  of  the  earth  I  pass  over  in  stfeoce,  as 
containing  nothing  not  to  be  met  with  in  some  of  the  already  meatiooed 
cosmogonists.  The  authors  have  sometimes  clothed  their  ficdoos  ia 
new  dresses,  or  presented  them  under  new  forms ;  but,  if  weteaoTe 
the  mask,  Burnet  or  Buffon  are  instantly  recognised.  Thus,  in  pit- 
tending  to  advance  learning,  they  have  rather  obstructed  iij  and  hare 
accumulated  hypotheses  without  enriching  science.  They  deserve 
that  censure  thrown  upon  certain  writers  by  Dr.  Johnson,  who  calb 
them  the  "  persecutors  of  students,  and  the  thieves  of  time."  Soch 
at  least  1  have  firand  them. 

There  are  other  geological  writers  who  have  accumulated  many  in- 
toresting  fiKts,  and  whose  insulated  observations  are  truly  ciirioos  and 
valuable  ;  but  their  general  hypotheses  are  of  so  chimerical  a  cast,  sa 
rather  to  resemble  Eastern  allegories  than  European  philosophy ;  they 
defy  all  criticism,  and  therefore  lie  out  of  our  present  track,  which 
now  leads  us  to  review  the  prevailing  theories  of  the  present  day .  These 
are  the  inventions  of  Professor  Werner,  of  Freyburgh*,  andDr .  llutton, 
of  Edinburght,  each  of  whom  has  been  ably  supported  and  elucidated  by 
the  proofe,  illustrations,  and  comparative  views  of  acute  and  eloquent 
controversialists},  and  two  sects  have  been  formed,  under  the  appella- 
.  tion  of  Wemerians  and  Huttonians.  The  disputes  and  differeaces  of 
these  contending  geologists  would  now  be  prematurely  noticed.  The; 
each  profess  to  proceed,  as  rigidly  as  the  subject  allows,  in  the  path  of 
induction ;  to  reject  mere  hypothesis,  and  raise  their  theories  upon  ac- 
cumnlated  fiKts  ;  and  yet  they  arrive  at  oonclusions  diametrically  oppo- 
site ;  upon  which  a  clever  writer  remarks,  "  that  among  all  the  wod- 
ders  geology  presents  to  our  view,  the  confidence  of  the  theorists  is  hj 
far  the  most  unaccountable.'* 

*  2064.  The  first  principle  of  the  Wemerian  theory  assumes,  that 
our  globe  was  once  covered  with  a  sort  of  chaotic  compost,  holding 
either  in  solutidn  or  suspension  the  various  rocks  and  strata  which  now 
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preBent  themselves  as  its  exterior  crnst  From  some  uncocplaiiied 
cause,  this  fluid  hegan  first  to  deposit  those  hodies  which  it  held  in  che* 
mical  solution,  and  thus  a  variety  of  crystallized,  or  primitivt  rocks^ 
were  formed.  In  these  we  find  no  vegetahle  or  animal  remains,  nor 
even  any  rounded  pc^bbles ;  but  in  the  strata  which  lie  upon  the  crys* 
talline  or  first  deposits,  shells  and  fragments  occasionally  occur :  these, 
therefore,  have  been  termed  transition  strata;  and  it  is  imagined  that 
the  peoplmg  of  the  ocean  commenced  about  this  period.  The  waters 
Hpon  the  earth  began  now  more  rapidly  to  subside,  and  finely  divided 
particles,  resulting  from  disintegration  of  the  first  formations,  were  its 
principal  contents ;  these  were  deposited  upon  the  transition  rocks 
chiefly  in  horizontal  layers.  They  abound  in  organic  remains,  and  are 
termed  by  Vf  erner Jloets  or  secondary  rocks. 

It  is  now  conceived  that  the  exposure  of  the  primitive  transition  and 
secondary  rocks  to  the  agencies  of  wind  and  weather,  and  to  the  turbu- 
lent state  of  the  remaining  ocean,  produced  inequalities  of  sur&ce,  and 
that  the  water  retreated  into  lowlands  and  valleys,  where  a  further 
deposition  took  place,  constituting  clay,  gravel,  and  other  aUuoial  for^ 
mations. 

There  are  also  certain  substances  which,  instead  of  being  found  ih 
regularly  alternating  layers  over  the  earth,  are  met  with  in  very  limit- 
ed and  occasional  patches.  Rock-salt,  coal  basalt,  and  some  other  bo« 
dies  are  of  this  character,  and  Werner  has  called  them  subordinaU  for- 
mations. 

Lastly,  subterraneous  fires  have  sometimes  given  birth  to  peculiar 
and  very  limited  products ;  and  these  are  called  volcanic  rocks. 

Such  is  Werner's  account  of  the  production  of  rocks,  which  he  ar- 
nmges  under  the  terms  primitive^  transition^  secondary^  a//ut»a/,  ni&or- 
dinate^  and  volcanic  formations.  A  number  of  nice  distinctions  and 
accurate  minutiae  of  description  attend  this  theory,  which  we  cannot 
notice  in  this  bird's-eye  view,  and  which  do  not  afifect  the  general 
conclusions. 

If  we  examine  the  stratification  of  our  globe,  we  shall  doubtless  find 
that  certain  substances  do  occur  in  a  certain  order  of  arrangement, 
and  that  they  appear  to  have  been  successively  deposited,  one  upon 
the  other,  in^e  manner  Werner  and  his  disciples  would  have  us  be- 
lieve; but  when  we  more  minutely  examine  the  structure  of  the 
earth's  surface,  and  the  relations  of  its  different  strata,  so  many  incon- 
gruities are  discovered,  and  so  much  is  at  variance  with  their  leading 
doctrines,  that  we  are  obliged  to  give  them  up  in  favour  of  views  more 
generally  applicable. 

2065.  Dr.  Hutton  gives  a  very  different  account  pf  the  present  order 
of  things.  Looking  upon  the  face  of  nature,  he  observes  every  tHlhg 
in  a  state  of  decay ;  and  as  she  has  obviously  provided  for  the  regene- 
ration of  animal  and  vegetable  tribes,  so  the  philosophic  mind  will 
descry,  in  this  apparent  destruction  of  the  earth's  surface,  the  real 
source  of  its  renovation.  The  lofty  mountains  exposed  to  the  action  of 
the  varying  temperature  of  the  atmosphere,  and  the  waters  of  the 
clouds,  are  by  slow  degrees  suffering  constant  diminution  :  their  fra^ 
ments  are  dislodged :  masses  are  rolled  into  the  valley,  or  juried  Iff 
the  rushing  torrents  into  rivers,  and  thence  transported  to  the  sea. 
The  lower  and  softer  rocks  are  undergoing  similar,  but  more  rapid  de- 
tferuction.    The  result  of  all  this  must  be,  ^  accumulation  of  mut^i 
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iltw  aittler  in  tlie  oeaan',  which  wiU  be  deposited  in  horizontal  Uj- 
en.    Looking  at  the  trantition  rocks  of  Werner,  he  perceires,  t]ut 
though  not  strictly  cxystalUne*  they  appear  made  np  of  finely-divided 
matter,  more  or  less  indarated.  and  sometimes  very  hard  in  texture,  and 
of  a  Titreous  fracture ;  and  that  this  hardening  ia  most  perceptible 
when  in  contact  with  the  inferior  rock»  which  often  pervades  them  in 
veins,  or  appears  to  have  broken  np  or  Inxated  the  soperincom&eii^ 
masses.    According,  then,  to  Dr.  Hutton,  the  transitioa  or  secondary 
rocks  of  Werner  were  deposited  at  the  bottom  of  the  ocean  in  cod- 
sequence  of  operations  similar  to  those  which  are  now  active,  and 
the  primary  rocks  were  formed  beneath  them  by  the  action  of  sab- 
terraneons  fires  ;    their  crystalline  texture,  their  hardness,  their 
shape,  and  fracture,  and  the  alterations  they  have  produced  upon 
their  nei^bours,  are  the  proofi  of  the  correctness  of  these  fie^. 
It  is  by  &e  action  of  subterraneous  fire,  then,  that  rocks  love  beta 
elevated,  that  strata  have  been  hardened,  and  that  those  changes  have 
resulted  which  an  examination  of  the  earth's  surface  nnfolds.  The 
production  of  soils,  and  of  alluvial  land,  is  considered  as  dejieiii^ 
upon  the  same  causes  as  those  referred  to  in  the  other  theory. 

It  will  be  observed  that  Hutton  refers  to  fire  as  well  as  water  fi>r  the 
production  ot  our  present  rocks ;  the  former  consolidating,  hardenii^ 
and  elevating,  the  latter  collecting  and  depositing  the  strata.  This 
system  has  been  happily  illustrated  by  many  of  the  phsBnomena  that 
occur  among  the  mountains  of  Scotland,  the  birth-place  of  its  iDventor, 
and  the  seat  of  his  speculations;  it  has  been  elucidated  by  4he  elo- 
quent and  philosophic  pen  of  Mr.  Play£iir ;  said  has  received  other  ad- 
vantages  and  aids,  which  the  Wemerian  theory  has  not  en/oyed.  But 
these  circumstances  must  not  be  suffered  to  bias  an  unpartial  story  ;  it 
is  to  hctA  we  must  attend,  and  upon  them  found  out  verdict. 

Much  as  has  been  said  upon  the  mischief  of  geiAopcd  theofies, 
which  by  some  are  represented  as  ingenious,  Uiougb  dangerous,  fictiois, 
no  one  can  justly  deny  their  importance  and  utility,  as  furnishing  strong 
incitements  to  the  labour  of  observation  and  experiment.  He  tiiat 
has  fremed  a  theoiy  is  fond  of  searchipg  fi>r  confirmations  and  he  pro- 
ceeds with  a  real  enthusiasm  widely  distinct  from  the  cold  accuracy  of 
the  mere  accumulator  of  insulated  fiicts.  In  all  physical  inquiries,  the- 
ory and  observation  should  go  together,  like  mind  and  body,  the  one 
guiding  and  directing  the  other.  It  is  quite  true  that  the  isBparttaUty 
of  an  observer  may  often  be  affected  by  system  ;  but  upon  this  it  has 
been  justiy  remariced  by  Mr.  Pkyfair,  that  it  is  a  misfortune,  8|aiDst 
which  the  want  of  theory  is  no  security.  The  partidities  in  &Toiir  of 
opinions  are  not  more  dangerous  than  the  pr<^ndices  against  them ;  for 
such  is  the  spirit  of  system,  and  so  naturally  do  all  men's  notions  tend 
to  reduce  themselves  into  some  regular  form,  that  the  very  belief  that 
there  can  be  no  theory,  becomes  a  theory  itself^  and  may  have  eo  in* 
considerable  sway  over  the  mind  of  an  observer.  Besides,  one  bmb 
m^  have  as  much  delight  in  pulling  down,  as  another  in  building  ap. 
mo  may  choose  to  display  his  dexterity  in  the  one  occupation  as  wdl 
as  in  the  other.  The  want  of  theory,  then,  does  not  secure  the  c»- 
donr  of  an  observer,  and  may  greatiy  diminish  his  skill.  The  disci- 
pline best  calculated  to  promote  both  is  a  thorou^  knowledge  of  the 
methods  of  inductive  investigation,  an  acquaintance  with  the  history  of 
pbyncal  ifiscovery,  and  the  study  of  those  sciences  in  which  the  rales 
or  philosophixing  have  bean  most  successfully  applied. 
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Section  I! .  Of(lu  Suecesnon  of  Strata  inerusting  the  Globe ^  and  of  the 
Stratification  of  Britain  in  particular. — Of  Granite,  and  other  pri- 
mary Rodcs, 

2066.  Thk  terms  primitive  and  secondary  rocks,  employed  in  the 
description  of  Werner's  theory,  Were  introduced  into  geology  by  Leh-* 
man*,  a  correct  and  sensible  writer  of  the  middle  of  the  last  century. 
He  considered  the  crust  of  the  earth  as  presenting  three  distinct  series 
of  substances.  The  first,  coeval  with  the  world,  he  calls  primitive, 
or  primary,  rocks.  The  second  series  are  of  more  recent  formation^ 
and  seem  to  have  resulted  from  some  great  catastrophe,  probably  the 
deluge,  tearing  up,  and  modifying  the  former  order  of  things  ;  and  th^ 
third  class  owe  their  formation  to  partial  or  local  revolutions,  as  indi- 
cated by  their  structure  and  situation. 


*  TVaiiea  de  Phyaique^  tPHistaire  JNaiurellCt  de  Mineralogies  et  de  Metallurrie,    Par  J . 
G.  Lehman :  traduUs  de  VAUemand.    Paris,  1759.    **  Lbs  montagnes  sont  des  efdvations  de 


ncmens  qui  ont  en  lieu,  en  difliireDs  terns.** — Vol.  iiL  Sect  3.  **  II  n'y  a  Tien  de  plus  natorel 
que  de  partager  toutes  les  montacnea  en  trois  clasKS.  La  premiere  claflse  sera  celle  do  moo- 
tagnes  qui  ont  ^t^  fornixes  avec  Te  >nonde.  La  secopde  sen  ceUe  de$  montagnes  qui  out  ^t^ 
form^es  par  una  revolution  g^n^rale  qui  s*est  fait  sentir  k  tout  le  globe.  La  troisidine  classe, 
enfin,  sera  celle  de  montai^nes  qui  doivent  Icur  formation  k  des  accidens  patticulierB,  on  k  des 
revolutions  locales.*'  **  Les  montagnes  de  la  nremi^Te  classe  sont  61ev|fc^  doot  aoelques-imes 
se  trouvent  Isoldes  dans  des  plaines ;  mais  qui,  fe  plus  ordinairement,  snivent  one  longue  chaine 
crt  traversent  des  parties  considerables  de  la  terre.  Ellcs  different  des  montagnes  de  la  se- 
eonde  classe :  1.  Par  leur  elevation  et  par  leur  grandeur,  qui  surpaasent  celles  de  tootcs  les 
autres.  %  Par  leur  structure  interieure.  3.  Par  les  substances  minerales  qui  s*ir  troavent** 
--Ibid. 

These  passages  are  sufliricnt  to  show  the  merits  of  Lehman  as  an  ori^^l  and  acute  observer, 
and  have  fumiSied  subsequent  geoloj^i^ts  with  the  foundatioiss  of  tfa^r  arrangements. 
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2067.  In  taking  a  general  view  of  the  substances  which  incrost  mt 
globe,  for  of  its  nncleus  we  know  nothing,  we  perceive  certain  distific- 
tions  of  texture  and  disposition,  which  are  at  once  curious  and  import* 
ant.     The  rocks  which  I  bare  elsewhere  called  primitive,  or  primvy. 
are  generally  found  in  hnge  masses  or  blocks,  not  r^;olarlj  stniti5e(}*, 
and  affecting  in  their  fractures  and  fissures,  a  vertical  arrai^eiiieot. 
Sometimes  they  are  of  a  perfectly  homogeneous  texture,  cohibwiiIj 
hard  and  durable,  and  sometimes  composed  of  two  or  three  ingredieDb 
blended  together  ;  they  are  generally  crystalline  in  their  texture,  aod 
usually  constitute  the  loftiest  mountains.     The  transition  seiiee  of 
rocks  of  the  Wemerian  School,  or  those  which  .they  hypotheticdij 
deem  next  in  point  of  antiquity  to  the  primitive,  are  less  lofly  titan  tite 
former  ;  they,  in  many  instances,  present  a  slaty  teKture  ;  tbej  seem 
to  have  been  deposited  in  strata  or  layers,  and  these  are  teldooi  eitber 
vertical  or  horizontal,  but  variously  inclined  to  the  horizoo.    He  se- 
condary rocks,  or  the  more  recent  series,  are  nearly,  if  not  qoke  hori- 
zontal in  their  position.    In  their  texture  they  are  soft,  mi  conse- 
quently easy  of  decay,  and  they  appear  rather  as  mechanial  debits, 
tiian  as  chemical  compounds  which  have  resulted  firom  fosioD,  civi- 
lization, or  solution.     The  wood-cut  at  the  head  of  this  Chapter  may 
serve  to  give  some  idea  of  the  relative  heights  and  aspects  of  these 
three  series  of  rocks. 

These  different  series  are  tolerably  regularly  arranged  in  regard  to 
each  other.  The  primary  rocks  form  the  bases  upon  which  the  others 
rest ;  the  transition  are  immediately  recumbent  upon  these ;  and  tb&e 
are  succeeded  by  the  varieties  of  secondary  rocks,  aod  bjr  their  de- 
tritus constituting  alluvial  matter  and  soils. 

20$8.  In  selecting  illustrations  from  nature  of  the  different  geologi- 
cal phenomena  that  come  before  us,  I  shall  i^i  all  cases  prefer  refer- 
'ence  to  our  own  country ;  and  I  presume  that  it  would,  on  the  whole, 
be  difficult  to  select  a  better  spot  for  the  study  of  geology  than  Great 
Britain*  We  have  every  variety  of  rock  presented  under  its  rarioos 
aspects ;  and  though  in  fi>reign  climes  nature  may  have  more  libent/fy 
dispersed  the  subOme,  she  has  nowhere  more  instmctivelj  or  deli- 
cately diversified  the  earth's  surface  than  in  the  small  space  aOotted  to 
the  British  isles. 

A  section  of  the  south  of  England,  from  the  coast  of  ComwaU,  for 
instance,  in  the  west,  to  London  in  the  east,  will  fami^  a  good  exhi- 
bition of  the  phasnomena  of  stratification  to  which  I  have  just  a&aded. 
It  will  begin  at  the  Land's-£nd,  with  primitive  rocks,  masave  ao^ 
amorphous.  Upon  this  rest  several  species  of  transition  rocks,  espe^ 
cially  slates  of  different  kinds,  having  various  ioclinatioDS  ;  and  tbete 
are  succeeded  by  secondary  strata,  deviating  more  and  more  from  the 
vertical,  and  acquiring  the  horizontal  position ;  and  nltiinately  we  at- 
tain the  alluvial  matter  upon  which  the  metropolis  standa.  It  is  priDci- 
pally  clay,  and  has  once  perhaps  formed  the  mud  at  the  bottom  of  a  sat- 
water  lakef. 

*  To  this  distmctive  character  there  are,  however,  niimeioas  exceptions ;  gnei^  mka.  ^ei^* ■ 
quartz,  rock,  and  clar  alate,  exhibiting  a  distinctly  stratified  arrangement 

+  Mr  (ireenoRgh't  vahmble  Geological  Map  of  England  and  Wales,  and  Mr.  SnB4HGe> 
IS^^u.^".^  ?**P'  ^"  ^  ^^>««*d  veiy  ugeftil  to  the  fttudcnt ;  to  whom  I  also  nxmnitid  M- 
W  PhiUiM'  SOt^on  qf  fhcU,  &c.,  as  an  exceltenC  ftf^ridgment  of  the  iinpoftant  n«»t^' 
conUJnedln  the  Geotogiml  Trmwtetioru, 
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Proceeding  from  London  northwards,  towards  the  Scotch  border, 
the  order  of  stratification  is  reversed  ;  and  traversing  a  highly  interest- 
ing series  of  secondary  rocks,  we  arrive  in  Cumberland  at  some  of  the 
primitive  series.  The  whole  arrangement  is  such  as  to  include  the 
highest  and  oldest  rocks  upon  the  west  side  of  England,  forming  an  in- 
terrupted chain  extending  from  the  Land's-End,  in  Cornwall,  to  Cum- 
berland, and  thence  to  the  northern  extremity  of  Scotland.  So  that 
the  length  of  Great  Britain,  and  its  general  shape,  appear  in  a  consi- 
derable degree  dependant  upon  Viis  chain  of  mountainous  land,  and 
upon  two  lower  ridges,  which  extend  in  one  direction  from  Devon- 
shire, through  Dorsetshire,  Hampshire,  and  Sussex,  into  Kent :  and  in 
another,  nearly  from  the  same  point,  to  the  east  of  Yorkshire. 

The  western  ridge  is  broken  in  upon  in  several  places  by  plains  and 
rivers,  giving  rise  to  so  many  chasms  in  the  great  chain. 

In  the  Descriptive  Catalogue  of  the  Geological  Specimens  in  the 
Royal  Institution*,  an  attempt  has  been  made  to  follow  the  natural  suc- 
cession of  strata  in  Britain,  and  to  show  their  successive  alternations ; 
and  I  trust  that  it  will  prove  serviceable  in  connecting  the  following  ob- 
servations with  their  respective  illustrative  districts  of  our  island. 

2069.  Of  the  primitive  rockst,  one  of  the  most  abundant  m  nature, 
and  the  most  useful  in  its  applications,  is  Granite,  so  called  from  its  ap- 
pearing to  be  made  up  of  a  number  of  distinct  grains  or  particles.  Its 
essential  component  parts  are  quartz  y  feldspar,  and  mica. 

2070.  Quartz  is  the  substance  commonly  called  rock-crystal,  and 
has  already  been  described  ( 1336).  It  is  sometimes  met  with  in  moan* 
tain  masses,  which  usually  present  a  conical  appearance.  The  quarts 
is  milk  white,  and  of  a  more  or  less  granular  texture.  The  Sugar- 
Loaf  Mountains  near  Dublin,  the  Paps  of  Jura  in  Argyleshire,  and 
some  of  the  mountains  of  Sutherland  and  Caithness,  present  instances 
of  this  formation  which  is  stratified  in  the  island  of  Jura}. 

2071.  Feldspar,  the  next  constituent  of  granite,  is  a  compound  body, 
of  which  silica  and  alumina  are  predominant  ingredients  ;  it  generally 
contains  a  little  hme  and  potassa,  and  is  often  coloured  by  minute  por- 
tions of  oxide  of  iron§.  Sometimes  it  is  found  crystallized,  when  it 
assumes  the  form  of  four  and  six-sided  prisms,  bevilled  on  the  extremi- 
ties ;  its  usual  colours  are  red,  white,  and  grey.  It  is  softer  than 
quartz,  but  harder  than  glass,  and  is  characteristically  marked  by  fusi^ 
bility  before  the  blow-pipe. 


•  A  DescrwHw  Catalogue  qf  (h*  Britith  Specimms,  dqtotited  in  (he  Credogieal  CoOecHon 
tf  Uu  HowU  InsHhtiian.    Longman  &  Co.,  1816. 

f  In  selecting  specimRM  of  rocks  and  strata  for  the  g;eolos;icaI  cabinet,  we  should  endeavour 
to  Aaw  their  recent  firactore,  as  well  as  their  weatber^wom  sniftce,  which  is  generallj  easily 
'    ble. 


1  QtoUgical  TransacUcns^  ii.  450. 


.  In  a  fiae  specimen  of  pale  flesh-red  feldspar,  fion  die  Alps,  ccTttaUiied  ia  ifae  form  of 
the  ohUqae  firar-sided  prism,  I  foond  the  foUowuur  coostitiient  parts : 

Silica 68.00 

Ahnnina  . , 20.00 

PMassa 8.90 

Lime 8.00 

Oxide  of  icon 0.50 

99.00 
Loss L 

mot 
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Feldspar  is  a  very  important  ingredieDt  in  many  kinds  of  pott^ir; 
and  the  substance  used  by  the  Chinese,  under  the  name  of  oel«ii2?, » 
probably  of  a  similar  nature.  The  decomposing  feldspar  of  Corcw^ 
is  abundantly  employed  in  the  English  porcelain  manu&ctories,  asd  % 
it  contains  no  iron,  it  retains  its  perfect  whiteness.  According  to  Mr. 
Wedgwood,  it  consists  of 

60  alumine 

20  silex 

20  moisture  dhd  loss. 

There  are  some  beautiful  varieties  of  feldspar  employed  in  onu< 
mental  jewellery,  such  as  the  green  and  blue  or  j^mozon-HMe,  of  Si- 
beria and  America ;  the  foliated^  pearly ^  or  resplendent  Jeldtpar^  cali- 
ed  adularia  and  moon-ttane ;  and  the  feldspar  of  the  island  of  St  Faa/, 
upon  the  coast  of  Labrador,  distinguished  by  the  proper^  of  reflecting 
▼ery  beautiful  colours  when  (he  light  falls  upon  it  in  ceiiamSxreethns. 
Feldspar  is  an  important  component  of  several  other  rocks  besides 
granite. 

2072.  Jtfico,  the  third  and  last  of  the  essential  ingredieats  of  uranite* 
is  a  wtell-marked  compound  mineral,  consisting  principally  of  ADnuna 
and  silica,  with  a  little  magnesia  and  oxide  of  iron.  Its  texture  is  la- 
mellar, and  it  is  easily  split  into  thin,  flexible,  elastic,  and  trampareDt 
plates.  It  is  so  soft  as  readily  to  yield  to  the  nail ;  it  is  sometime 
met  with  crystallized  in  four  and  six-sided  plates  and  prisms.  Its  osoai 
colours  are  shades  of  brown  and  grey  ;  sometimes  it  is  red,  and  some- 
times black.  In  some  parts  of  Siberia  nuca  is  copiously  qoanied, 
and  is  employed  as  a  substitute  for  glass  in  windows  and  lanterns.  It 
has  been  thus  used  in  Russian  ships  of  war,  where  k  has  the  advantage 
ci  not  being  shattered,  like  glass,  by  the  dischai^ge  of  srtUhry.  The 
extreme  tenuity  of  the  plates  into  which  it  may  be  divided,  and  their 
elasticity,  renders  it  very  useful  for  the  enclosure  of  objects  to  be  sub- 
mitted to  microscopic  inspection. 

2073.  Such  are  the  characters  of  the  compon^ats  of  granite ;  in 
some  specimens  of  which  they  may  be  distinctly  traced  smd  separated 
from  each  other;  but  sometimes  the  particles  are  so  small  as  to  procfiice 
a  compound,  which  to  the  unaided  eye  will  seem  ahooost  homoseaeous. 
We  have,  therefore,  Jine  and  coarse-grained  granite,  Tke  former  is 
abundant  in  Scotland,  the  latter  in  Devonshire  and  ComwiH.  Indeed, 
the  Cornish  granite  is  remarkable  for  the  well-defined  and  Urge  crys- 
tals of  feldspar  which  it  containa,  and  which  may  be  seen  in  many  parts 
of  London,  where  this  rock  has  been  used  for  paving,  and  where  die 
crystals  of  white  feldspar  have  become  evident  in  the  mass,  firom  the 
constant  attrition  to  which  it  has  been  subjected,  it  is  of  Uiis  stone 
that  the  Strand  Bri^  is  mainly  constructed.  The  colomr  of  gnsite 
is  principally  dependant  upon  that  of  the  feldspar  it  contains,  dioagba 
dark  mica  will  often  give  it  a  gloomy  hue.  It  ia  commoidy  grey  or 
reddish . 

2074.  There  are  two  rooks  very  closely  allied  to  granite,  and  osoal- 
ly  associated  with  it ;  I  mean  slaty  granite,  or  gneiss,  composed  of 
precisely  the  same  materials  as  granite,  but  daty  in  its  fracture,  owing 
to  the  comparatively  large  quantity  of  mica  it  contains ;  and  the  other 
rock  is  a  compound  of  mica  and  quartz  ;  it  has  a  slaty  texture,  aodalso 
derives  its  leading  characters  from  the  large  quantitv  of  mica  it  con- 
tarns  ;  it  11  called  mica  stATt , 
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2075,  Od  the  origin  of  granite  geologists  widely  differ.  Aa  it  coor 
atitutes  the  basis  upon  which  all  other  rocks  appear  to  lie,  Werner 
has  regarded  it  as  the  first  formation  of  that  chaotic  rock^depositing 
flaid,  in  which  he  imagines  the  earth  once  to  have  been  enveloped. 
But  many  peculiarities  of  granite  have  been  adduced  by  Dr.  Hutton^ 
as  contrary  to  such  an  opinion.  If  we  examine  a  granitic  district  in 
nature,  we  shall  observe,  in  regard  to  it,  two  leading  pbenomena.  The 
one  is  that  veins  of  granite  frequently  shoot  from  the  great  mass  into 
the  superincumbent  strata.  The  other,  that  the  bodies  lying  upon 
granite,  especially  if  they  be  stratified,  either  bear  evidence  .of  having 
been  broken  up,  dislocated,  and  penetrated  by  the  granite,  whilst  in  a 
fluid  state  ;  or  they  seem  as  if  gradually  elevated  by  some  power  which 
has  thrown  the  granite  up  from  below.  So  that,  upon  this  view  of  the 
subject,  the  date  of  granite  as  far  as  concerns  its  present  position,  is 
posterior  to  that  of  the  strata  that  rest  upon  it.  1'hey  were  first  de- 
posited, and  the  granite  then  erupted  from  beneath,  and  elevated  the 
other  strata,  throwing  them  out  of  the  horizontal,  and  giving  them  va- 
rious inclinations  to  the  horizon,  or  sometimes  a  verticd  position.  . 
The  Brocken  Mountain  in  the  Hartz  Forest  in  Germany,  St  Michael's 
Mount  in  Cornwall,  and  the  granitic  district  at  Aviemore  in  the  Scotch 
Highlands,  will  furnish  illustrations  of  this  subject.  The  first  I  aeleot 
as  being,  ^t  the  same  time,  one  of  the  favourite  proofs  with  the  Wer- 
nerians  of  their  master's  theory,  while  the  Uuttonians  may  regard  it 
tto  less  fivourable  to  the  truth  of  their  views. 

Of  this  mountain  the  peak  is  granite,  and  upon  it  are  regular  layers 
of  other  rocks,  the  dip  or  inclination  of  which  is  regulated  by  the  sur- 
face of  the  central  granite.  In  inspecting  a  section  of  the  Hartz  moun- 
tain, it  will,  I  think,  hardly  be  denied,  that  the  appearance  is  rather  in 
favour  of  the  elevation  of  the  strata,  by  the  eruption  6f  the  granite, 
than  of  the  original  deposition  of  the  granitic  nucleus,  and  the  succes- 
sive subsidence  of  the  other  strata  upon  it. 

At  St.  Michael's  Mount,  in  Cornwall,  a  8chistose,*or  slaty,  rock,  is 
invaded  by  a  mass  of  granite  from  beneath  ;  veins  of  the  latter  pene- 
trate the  former,  which  is  hardened,  and  broken,  apparently  by  the 
force  with  which  the  granite  has  been  protruded.  Indeed,  the  whole 
granite  district  of  the  west  of  England,  beginning  at  Dartmoor,  in  De* 
vonshire,  and  extending  to  the  Land's  End,  in  Cornwall,  presents  ap- 
pearances, which  are  no  way  so  well  accounted  for  as  upon  that  hypo- 
thesis which  considers  the  granite  to  have  been  thrown  up  from  below 
in  a  fiised  state,  and  to  have  forced  its  way  through  the  superincumbent 
strata.  There  are  four  granitic  summits  m  the  promontory  of  Corn- 
wall, all  probably  connected  with  each  other,  and  with  that  at  Dart- 
moor ;  and  the  surrounding  country  is  principally  clay  slate,  which 
every  where  inclines  to  the  granite,  in  the  same  manner  as  the  strata  of 
the  Brocken,  in  the  Hartz  Forest. 

In  the  hill  at  Aviemore,  to  which  I  have  alluded,  veins  of  granite  are 
seen  penetrating  the  slaty  rock  in  all  directions ;  and  upon  the  wear 
ther-worn  side,  facing  the  north-east,  a  large  vein  of  granite  may  ba 
perceived,  widest  at  bottom,  running  nearly  perpendicular,  and  en- 
larging into  a  mass,  or  stratum,  of  granite,  between  the  schistose 
layers. 

Such,  then,  is  the  appearance  of  granite,  and  such  the  arguments  of 
the  Huttonian  geologist  concerning  its  origin.     I  have  mentioned  that 

4  H 
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ihe  rapehncttmbeBt  roelu  are  frequently  penetrated  by  granite  w&t, 
and  it  is  obTioiia  that  every  Tein  must  be  of  a  date  pocterior  to  thai  A 
the  body  which  contaiDa  it ;  and  farther,  as  the  veins  are  (rflen  obeerr- 
ed  to  proceed  from  the  main  body  of  the  granite,  into  the  saperinciuB- 
bent  strata,  it  may  be  argued,  that  tkenuu$  of  franUe^Ond  tkevtint  pn- 
€€€dingfrom  tt^  art  coeval^  and  bM  of  later Jormaiion  ikmu  ike  immi- 
diaUh/ mq^erincumhttU  firato. 

Vems  of  granite,  however,  are  frequently  discovered,-  which  caooot 
be  traced  to  any  original  mass,  or  mountain ;  they  seem  to  be  iasolat- 
ed,  as  it  were,  among  other  strata.  This  is  the  case  at  Portsoy,  ud  in 
Glentilt ;  and  in  soma  of  the  Western  bles  of  Scotland,  eapedally  Ti- 
ree  and  Coll ;  and  is  also  observed  in  many  parts  of  Cornwall.  Dr. 
Hotton,  from  collateral  evidence,  conceives  that  these  are  always  vok- 
ed  to  some  granitic  mass,  though  too  deep,  or  at  too  great  distance,  to 
be  traced  and  discovered. 

It  nuj  now  be  asked,  how  the  pupil  of  Werner  accounts  for  pfaeoo- 
mena  of  this  kind  ?  I  have  already  said  that  he  regards  granitAas  hav- 
ing been  deposited  before  all  other  rocks,  though  its  irregalarity  and 
its  general  want  of  stratification  are  decided  objections  to  such  midea, 
and  that  the  other  substances  were  precipitated  upon  it  in  the  orte  we 
find  them.  In  these  strata,  cracks  and  fissures  occurred,  and  a  new 
deposition  of  granite  took  place  from  the  chaotic  fluid,  confined  to  the 
said  cracks  and  fissures,  and  producing  the  appearance  of  granitic 
veins ;  and  the  hardening  of  the  neighbouring  rocks,  referred  bj  the 
Huttonians  to  the  heat  of  the  injected  granite,  is  accounted  for  bj  tbe 
infiltration  of  the  aqueous  solution,  which  has,  as  it  were^  lapidified  ihe 
softer  materials.  Now,  though  we  may  imagine  granite  to  have  been 
in  igneous  fusion,  we  cannot  easily  conceive  it  sosceptible  of  aqueous 
solution ;  and  if  so  dissolved,  why  should  its  second  deposition  have 
been  confined  to  the  cracks  and  fissures  ?  Why  should  it  not  have 
formed  a  new  stratum  ?  With  these  &cts  before  ut,il  is  useless  to 
enter  into  farthes  comments,  and  we  can  only  embrace  Ihal  hypothesis, 
(for,  after  all,  it  is  but  hypothesb,)  which  appears  best  supported  by 
evidence  derived  from  actual  observation*. 

307 1.  The  aspect  of  a  granite  district  in  nature  is  subject  to  varia- 
tion ;  it,  however,  exhibits  traits  sufficiently  peculiar,  which  are  readi- 
ly recognised  by  the  traveller  in  his  approach  to  it. 

In  Cornwall,  and  in  some  parts  of  Ireland,  especially  in  fiie  county  of 
Donegal,  the  |;rcnitic  rocks  are  marked  by  the  bold  and  abrupt  precipi- 
ces which  they  present  to  the  attacks  of  the  ocean  ;  and  by  the  harreo 
and  dreary  aspect  of  the  inland  plains  that  seem  like  fields,  in  which 
blocks  of  the  stone  have  been  torn  from  their  beds,  and  indiscrimiDate- 
ly  scattered  over  the  moss-grown  surface.  The  elevation  of  these 
districts  is  not  considerable,  the  granite  is  coarse  gmned,  and  splits 
into  immense  blocks,  separated  from  each  other  by  natural  seaoM,  and 
appe^ng  like  tbe  ruins  of  edifices  constructed  by  a  giant  race.   Is 


.^i^,  '^T®  r?*^*^  granite  as  a  coneeries  of  ciysUU  of  mica,  Mdspu,  and  qoartt 
^ccUentallv  blendi^  and  uniied;  the  inspection,  hoi^ever,  of  the  rock,  cl^im  pnwesttotiH 
Its  materiaU  hate  bera  together  in  fiitkin ;  for  we  find  in  aoTO 

by  the  crystals  of  feldspar,  and  in  ^» —  •*-  '-'^ -— -  ^ J^T-^  ^^^ — 

I^«  Hutton  has  looked  upon  thit  as  d^ 
Playfair,)  •«  ii^a  the  matenals  been  ( 
prats  another,  bat  each  cnkMr  its  ( 
aoond  ai^gumeot  ^ 
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Other  eases,  granite  forms  irregular  and  brokea  peaks,  of  prodigious 
eleyation,  and  does  not  split  into  the  blocks  and  itiasses  just  allud^  to. 
This  is  the  case  in  the  Alps  and  Pyrenees,  in  the  highest  Scotch  mouo- 
tains,  in  the  Hart2,  and  in  the  Tyrol. 

In  Asia  and  Africa  granite  constitutes  the  Uralian,  Altaian,  and  Hi'- 
inlU6ylLn  chains,  and  the  Atlas  mouotaias  ;  and  in  South  America,  the 
lofty  ranges  of  Cordilleras  are  chiefly  of  a  similar  description.  Tte 
wood-cut  at  the  head  of  this  section  shows  the  appearance  of  the  al- 
pine and  of  the  massive  granite.  The  sketch  is  taken  from  th^  of 
Mont  Blanc,  and  of  the  Land^s-End,  in  Cornwall. 

2077.  Some  kinds  of  granite  are  prone  to  decompositioiU  CFumfaling 
down  into  a  fine  clay  containing  siliceous  particles :  this  probably  arises 
from  a  peculiarity  of  the  feldspar,  afterwards  to  be  noticed.  In  gene* 
ral,  granite  is  the  most  durable  of  nature's  productions,  and  lo^g  re- 
aiftts  the  destroying  hand  of  time  ;  as  a  building  material,  therefore, 
granite  is  almost  unrivalled :  and^  though  in  common  cases  its  extreme 
hardness  is  against  its  employment,  its  use  should  be  enioined  fi>r  pub- 
lic edifices.  Dublin  furnishes  some  noble  examples  of  buildings  con- 
structed of  granite,  which  is  there  procured  in  the  immediate  vicinity 
of  the  city,  and  of  a  very  beautiful  kind. 

la  Wales  there  is  very  little  granite  ;  in  the  north  of  Scotland  it  is 
abundant ;  and  in  England  it  occurs  in  Cornwall,  Dev6n,  Westmore- 
land, and  Cumberland.  It  is  also  met  with  in  smaller  quantities  in 
Worcestershire,  at  the  Malvern  Hills;  and  in  Leicestershire,  in 
Chamwood  Forest. 

2078.  Although  granite  probably  exists  in  great  abundance  below 
the  earth's  sur&ce,  Sie  quantity  visible  above  ground  is  comparativelj 
small,  perhaps  not  amounting  to  a  hundredth  part  of  the  other  primi« 
tive  and  transition  rocks.  In  some  parts  of  Scotland  the  granite  su- 
perficies, however,  is  very  considerable,  and  much  exceeds  the  limits 
assigned  to  it  by  Dr.  Hutton.  Upon  this  subject  a  very  ac^monious 
controversy  arose  between  Dr.  Hutton  and  Mr.  Kirwan  ;  the  general 
statements,  however,  of  the  former,  in  this  and  other  cases,  commonly 
nmke  much  nearer  approach  to  truth  than  those  of  the  latter  ;  but  as 
human  reason  is  not  in&llible,  he  who  always  contradicts  mast  some- 
times be  right,  and  Uius  the  mere  cavilling  disputant  maj  occasionally 
discover  the  errors  of  the  slow  and  cantious  observer  of  nature. 

2079.  To  the  class  of  massive  unstratified  rocks  belongs  PoAPiirAr* 
a  substance  which  is  ranked  by  Werner  among  the  primitive  forma- 
tions. Its  essential  constituent  is  feldspar ;  and  genuine  porphyry 
may  be  defined  as  massive  feldspar,  containing  embedded  crystals  of  the 
same  substance.  Any  rock  including  distinct  crystals  of  feldspar,  is 
called  porphytitie^  as  porpkyriiic  graniie^  &c.  The  colour  of  p<frphy- 
ry,  which  is  usuaUy  reddish,  brown,  and  green,  is  principally  derived 
from  the  base,  or  paste  inclodiog  the  crystals.     The  common  aspect 

of  porphynr  is  Uiat  of  blocks  and  masses,  not  very  unlike  some  of  the  , 
varieties  of  granite,  but  its  fragments  are  generally  smaller,  and  are  in 
a  more  decaying  condition.  Porphyry  is  an  extremely  durable  mate- 
rial for  architectural  purposes,  and  as  such  was  highly  esteemed  amoQg 
the  nations  of  antiquity.  It  is  met  with  in  many  parts  of  Britain  :  and 
in  the  north,  the  porphyry  districts  are  of  singular  grandeur,  as  at  the 
base  of  Ben-Cruachan,  on  the  banks  of  the  Awe ;  and  amidst  the  pre- 
cipices of  Ben-Nevis,  the  hi^^iest  af  the  British  mountains. 
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The  British  porphyries  are  many  of  them  of  great  beatnty ,  and  mi^ 
well  he  suhfltituted  for  all  ornamental  purposes^  for  the  more  rare  in^ 
expenaiTe  foreign  varieties. 

2080.  Granitic  rocks  frequently  contain  a  large  proportion  idkom- 
hlende,  a  mineral  of  a  greenish  black  colonr,  which  sometimes  ibrsB 
prismatic  crystals ;  it  consists  of  silica  and  alumina,  with  raatgpesiz,  sd 
appears  to  derive  it^  colour  from  oxide  of  iron,  of  which  it  ceodiii^ 
from  20  to  30  per  cent.  Hornblende  sometimes  passes  into  mica ;  ad 
if  the  component  parts  of  the  two  bodies  be  compared  hj^analyusj.lhe 
principal  difference  will  often  be  found  to  consist  in  the  excess  of  iron 
in  the  former. 

These  aggregates  are  termed  syenites,  or  syenUic  rocks,  and  are  of 
▼arious  hues,  according  as  one  or  other  of  the  constitaeiiti  pradonu- 
nates.     Sometimes  the  place  of  the  quartz  is  wholly  occupied  bj  hon- 
hlende,  and  the  rock  is  principally  an  aggregate  of  feldspar  ^od  bom' 
blende.     The  term  syenite  is  derived  from  Syene,  in  Upp»  Egff^, 
where  this  rock  is  plentiful  and  was  used  for  architectani  paqN)sei  by 
the  Egyptian  and  Roman  sculptors.     The  aspect  of  syemic  ndu  » 
allied  to  that  of  granite  and  porphyry.     They  may  be  i^serfediisag 
from  the  slaty  district  of  St.  David's  in  Pembrokeshirerwid  in  Cum- 
berland, near  Wastdale  and  Buttermere.     A  beautiful  syenite  is  notic- 
ed by  Mr.  Bakewell,  as  occurring  in  Leicestershire,  at  Marfcfield- 
Knowle,  a  hill  on  Charnwood  Forest^    Syenite  very  often  contaias 
magnetic  oxide  of  iron. 

2081.  Another  substance  belonging  to  the  class  of  rocks  we  are  doit 
describing,  is  serpentine  ;  its  appearance  is  -singiilariy  picturesque 
and  beautiful ;  and  it  forms  a  delightful  contrast  to  Ste  sMimitjr  ofgn- 
nitic  districts.  Serpentine  has  its  name  from  the  rariety  of  dnts  which 
it  exhilHts,  suoh  as  bri^t  red,  green,  brown,  yellow,  and  their  various 
flhades,  and  it  often  is  prettily  traversed  by  veins  of  a  soft  substance, 
to  which  the  term  steatite  or  soapHone  has  been  given  {^Wf. 

Some  of  the  varieties  of  serpentine  admit  of  a  toleta\Ae  polish,  and 
auch  are  very  desirable  for  many  ornamental  purposes. 

Serpentine  is  seen  in  Cornwall  in  characteristic  beauty,  formii^part 
of  the  Lizard  promontory  on  the  southern  coast  of  the  coun^t  where 
its  general  aspect  is  shown  in  the  following  sketch.  It  mppean  in  va- 
riously shaped  and  coloured  blocks  and  masses  ;  •  it  fonm  natural  aiches, 
colunms,  and  caves  ;  and  the  district  is  of  very  singular  intereiifrom 
many  concomitant  circumstances,  especially  from  the  blocks  of  por- 
phyry upon  which  the  serpentine  is  incumbent,  and  the  Teins  of  granite 
associating  with  those  of  steatite,  which  pervade  it. 


*  Serpentine  hu  been  repeatedly  analyzed ;  bat  the  resnXts  are  Teir  diacotdaat  \  no  iuiV 
mMMtotheindeteiminate  natnte  of  the  lock.  '  See  JAHUoii*t  Jlfm^mjo^,  2d.  edit,  V<^ 
ft.,  p.  SOB.  Itft  principal  congtituents  appear  to  be  silica,  magneaa,  oxide  of  invi,  and  a  fete 
catwnita  of  lime.    See  the  analyses  ^Serymtim,  given  abore  (1410). 
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Serpentine  ii  met  with  also  in  the  Isle  of  Anglesea,  upon  the  norths 
em  coast  near  the  celebrated  Parys  Mine.  Some  of  the  serpentine  of 
this  district  is  of  more  brilliant  colours,  more  hard  and  translucent 
than  the  ordinary  serpentine  ;  it  belongs  to  the  species  called  by  mi- 
neralogists noble  serpentine ;  the  same  rock  occurs  at  Portsoy,  on  the 
Murray  Frith  in  Banffshire,  where  it  is  associated  with  granite. 

The  composition  of  serpentine,  as  relates  to  its  proximate  compo- 
nents, has  been  variously  described.  It  is  generally  so  fine  grained  as 
to  appear  of  an  uniform  texture;  but  io  Cornwall  a  coarsely  aggregat- 
ed rock,  consisting  of  feldspar  ^  tale  and  schiUet  spar^  may  be  traced 
passing  into  the  fine-grained  serpentine.  I  have  already  alluded  to 
the  nature  of  feldspar.  To/c  is  a  body  somewhat  resemblii^  mica  in 
appearance, but  the  plates  into  which  it  is  divisible  are  not  elastic.  Its 
u&ual  colours  are  various  shades  of  green.  It  consists  of  nearly  equal 
parts  of  silica  and  magnesia,  with  a  little  lime  ;  not  more  than  six  per 
cent.     It  is  met  with  in  small  tabular  crystals. 

Schiller  stone,  er  schUler  spar,  is  a  term  from  the  Germans,  implying 
glistening  or  changeable  spar :  it  is  one  of  the  varieties  of  diallofe  of 
the  French  authors ;  it  is  a  silico-ferruginous  fossil,  containing 

44  silex 
24  iron 
18  alumina 
12  magnesia. 

Its  colour  is  dark  green  :  its  usual  lustre  is  semi-metallic,  varying  ac- 
cording to  its  position  in  regard  to  incident  light. 

Steatite  is  a  substance  of  dififerent  tints  of  grey  and  green,  and  from  its 
very  singular  unctuous  feel  has  been  called  soap-stone.  It  is  somewhat 
abundant  in  the  serpentine  of  Cornwall,  one  of  the  masses  of  which  is 
called  the  soapy  rock ;  it  is  here  carefully  collected  for  the  porcelain 
works  of  Worcester  and  Swansea,  in  which  it  forms  a  very  important 
ingredient.  It  also  occurs  in  the  serpentine  of  Banff.  Accoinding  to 
Uaproth ,  Gonush  ste^ite  consists  of  >- 


^ 
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Silica 45.08 

Magneflia 24.75 

Alumina     9.25 

Iron     1.00 

Potassa 1  •  •  •  0.75 

Water  and  loss 18-00 


98.76* 


2082.  Marble  (643)  is  the  last  of  the  rocks  belonpng  to  the  ciss 
1  am  now  describing.     It  is  aho  very  abandant  in  thesecondaij  rocks, 
hat  its  characters  are  there  different.     Among  primary  rocks,  marUe 
is  associated  with  mica  slate,  gneiss,  serpentine,  and  qaartz  rock,  and 
it  differs  from  marble  belonging  to  other  rocks,  in  its  grannlarlj  fy- 
listed  teztnre  and  in  the  absence  of  organic  remains.    The  moat  es- 
teemed Farieties  are  perfectly  white  and  free  from  reins ;  somewhat 
translucent,  and  susceptible  of  a  good  polish.     These  saarUea  are  im- 
ported for  ornamental  purposes,  especially  for  those  of  the  sculptor. 
Nearly  all  the  sublime  works  of  the  Grecian  artists  were  sGuVpftared 
in  the  marble  from  the  isle  of  Paros  in  the  Archipellqgo,  and  fromtbe 
Pentelic  mountain  near  Athens  ;  but  the  marble  of  Carrara  is  now  in 
highest  estimation,  and  ii  almost  exclusively  used  by  the  European 
sculptors  of  the  present  day.     Of  the  coloured  varieties,  that  of  the 
isle  of.  Tiree  is  extremely  beautiful ;  it  is  of  a  pale  red,  spotted  with 
green  hornblende.     Marble  is  found  in  several  parts  of  Scotland,  and 
in  some  places  of  characteristic  beauty,  and  alternating  within  small 
limits,  with  other  rocks.     Dr.  Mac  CuUoch,  in  his  Sketch  of  the  Mme- 
ralogy  of  53b^t»  has  described  several  beautifiil  varieties  iaood  in  that 
island,  and  has  adverted  to  the  ceconomical  uses  to  which  they  are  ap- 
pUcahle*     In  Inverary  park  primary  marble  may  be  seen  in  contact 
with  mica  slate  and  porphyry.     Serpentine  and  majb\e  ore  sometimes 
blended  together,  and  they  then  form  a  valuable  compound  for  orna- 
mental purposes,  which  has  been  called  Ferd  Antique.     In  the  serpen- 
tine of  An^esea,  patches  of  marble  are  found  which  much  enh^e 
its  beauty. 

A  very  remarkable  marble  quarnr  is  that  of  Icolmkil,  or  lona. 
Gneiss  rocks  constitute  the  leading  Mature  of  this  island,  but  at  the 
south-west  point  is  a  bed  of  marble,  about  40  feet  wide  bounded  by 
vertical  walls  of  hornblende  rocks|.  Near  it  is  a  mass  of  homstooe, 
and  above  the  whole  protrudes  an  immense  vein  of  granite^surronnded 

•  Vide  Klapboth*!  Beitragt,  V.  Baod^  S.  24. 

f  Geologieal  TyansacHons,  iii.  p.  1. 

t  The  marble  is  of  the  apecies  called  dotomiU  (698),  diidMiukhed  fron  die  true 


marble  or  nanular  Ume-stoae,  by  the  taid^  eflerresceace  excited  bjr  pooring  ttnnatic 
upon  it,  aaa  by  its  containinj^  magnesia ;  it  is  also  finer  grained,  and  its  Imctere  mofe  solifr- 
teiy,  thao  that  of  commoa  marble.    The  dolomite  of  lona  yielded  fo  Mr,  TcBoaot, 

CarboDic  acid 48.82 

Lime 3l,VZ 

Magnesia 17.06 

losolable  matter 4.t10 

PhiL  Tratu.  1399. 
Th«>  dolomite  of  the  Apeonines  yielded  to  IQaprolh, 

Carbomte  of  lime 65 

Carbonate  of  magoesa 35 

m  BtUrag^  B.  4,  S.  ttS^ 
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by  the  marble,  but  from  which  it  has  been  loosened,  so  as  just  to  admit 
a  person  to  pass  between  the  two  walls.  That  they  have  once  been 
in  contact,  is  proved  by  the  granitic  protaberances  having  correspon* 
dent  indentations  in  the  marble,  and  vice  ver$d. 

2083.  We  have  now  considered  a  highly  important  series  of  rocks, 
and  have  enumerated  their  characters  as  insulated  individuals.  As  a 
class  they  present  analogies  which  distinguish  them  from  their  super- 
incumbent neighbours,  and  give  them  the  stamp  of  a  peculiar  and  dis- 
tinct formation,  either  formed  before  oipmic  beings,  or  under  circum* 
stances  which  have  destroyed  such  remains. 

In  these  rocks  we  seldom  observe  any  regular  stratification  ;  they 
are  mostly  constituted  of  amorphous,  irregular,  and  various  messes, 
and  present  no  appearances  of  having  been  deposited  jfrom  water. 
They  are  crystalline  aggregates  ;  and  they  are  deeper  in  their  situa- 
tion than  other  rocks,  which  always  appear  incumbent  upon  them,  and 
often  elevated  or  heaved,  as  it  were,  by  their  operation. 

They  oAen  break  through  the  beds,  or  layers,  that  cover  them,  and 
rise  to  a  very  great  elevation,  forming  the  summits  and  peaks  of  the 
loftiest  mountains.  In  England  they  are  comparatively  rare ;  in  Corn- 
wall there  is  abundance  of  granite,  but  it  rises  to  no  great  height. 
Granite  and  its  associates  are  found  in  Cumberland,  but  they  are  spa- 
ringly scattered  over  the  county ;  and  the  romantic  and  picturesque 
aspect  of  the  hills  is  chiefly  derived  from  other  species,  of  rocks.  In 
Wales,  the  primary  rocks  are  uncommon,  and  I  know  of  no  granite  ; 
but  there  is  a  portion  to  be  found  in  the  centre  of  Anglesea,  near 
Gwindy,  where  its  associations  merit  notice. 

In  Scotland,  the  districts  composed  of  primitive  rocks,  and  present- 
ing their  various  aspects,  junctions,  and  transitions,  are  full  of  grandeur 
and  interest.  Travelling  northwards  from  Edinburgh,  we  enter  upon 
mica  slate  at  one  of  the  Highland  passes,  and  crossing  the  Grampians, 
find  their  principal  summits  of  the  same  materials.  From  Loch-Tay 
to  Killin  the  same  rocks  continue,  with  beds  of  limestone.  Ben-More 
is  a  mica  slate  rock,  of  exceeding  grandeur  :  it  rises  to  about  4000  feel- 
above  the  sea^s  level,  and  is  thickly  intersected  with  quartz  veins. 
Ben-Lawers,  to  the  North  of  Loch-Tay,  is  of  similar  composition  ;  it 
is  chiefly  gneiss,  associated  with  mica  slate  and  quartz  ;  and  the  same 
substances  are  found  at  Crag-Caillacb,  and  Schehallion,  and  contribute 
to  the  magnificence  of  the  celebrated  pass  of  Killikraokie,  between 
Dunkeld  and  Blair  in  Athol. 

I  have  thus  represented  the  highest  mountains  in  Britain  as  compos- 
ed of  granite  and  its  associates  ;  but  these  are  mere  trifling  protube- 
rances upon  the  earth's  &ce,  when  compared  with  the  exceeding 
heights  of  the  Alpine  chain,  or  the  yet  more  elevated  mountains  of 
South  America,  and  of  Asia,  which  consist  of  the  same  materials.  Ben- 
Nevis,  the  loftiest  of  the  British  mountains,  is  situated  in  the  south  of 
Inverness-shire,  and  is  4370  feet  high.  Cairngorm  in  the  same  coun- 
ty, is  4050  feet  high.  Mont  Blanc,  in  Switzerland,  has  its  peak  elevat- 
ed 15,600  feet  above  the  level  of  the  sea ;  it  is  the  highest  mountain 
of  Europe  ;  Chimboraso,  the  highest  summit  of  the  Andes,  is  20,280 
feet  above  the  sea's  level ;  many  of  the  peaks  of  the  Him&l&y&  chain 
are  as  high,  and  the  toftiest  appears  to  exceed  25,000  feet^. 

*  See  an  article  on  this  subject  in  the  sixth  Vblume  of  the  ^Morfer^  Journal  of  Science 
•nd  (he  Art$,  p.  5^. 
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The  reaflon  why  these  excessi?e  elevations  present  Be&ing  Irat  pn- 
nhtiTe  rocks,  and  especially  granite »  (excepting,  indeed,  where  they  vz 
volcanic)  may  not  at  first  appear  quite  obviOos,  for  in  the  low  lands  the 
primitive  are  generally  covered  by  secondary  strata,  which  were  also 
once  probably  hicambent  upon  their  loftiest  summits.  It  is  likely  that 
the  destructive  agencies  of  the  elements  have  been  so  powerfaUy  ex- 
erted in  these  elevated  and  unprotected  regions,  that  the  eec<MBdarj 
rocks  have  yielded  to  their  unceasing  attacks,  and  have  been  carried 
towards  the  valleys  by  the  rills  and  torrents,  while  granite  and  its  du- 
rable accompaniments  have  more  obstinately  opposed  the  inroads  of 
such  resistless  assailants. 

2084.  At  the  same  time,  however,  it  will  seem  probable  that  the 
gramtic  mountains  have  themselves  suffered  tremendous  d^radation, 
and  that  at  a  former  period  their  summits  were  beyond  their  present 
elevation.  All  this  will  appear  more  clear  when  the  generai  clianc- 
ters  of  mountain  chains,  and  the  phsnomena  of  their  decay,  are  takea 
into  the  account.  But  several  circumstances  present  themselves  to 
the  most  superficial  observer,  which  in  a  language  that  it  is  imposnble 
to  misinterpret,  announce  the  influence  of  [destructive  agents  upon 
these  apparently  invulnerable  materiris.  Prod^ous  masses  of  gra- 
nite are  often  found  among  the  secondary  strata  that  fi>rm  the  vallejs 
under  primary  mountain  chains ;  they  are  insulated  and  unconnected 
with  any  general  mass  of  the  same  material ;  and  the  more  distant  they 
are  from  the  granite  range,  the  more  they  are  rounded  and  smoothened 
upon  the  sur&ce.  Of  this  description  are  the  boulders,  or  blocks  of 
granite,  observed  by  Saussure  upon  the  east  side  of  the  lake  of  Gene- 
va. One  of  these,  called  Pierre  de  GouU,  is  ten  feet  bigh,  with  an 
horizontal  section  of  15  feet  by  20.  In  the  valley  of  Cbatmounjy  se- 
veral similar  blocks  have  fallen  from  the  Aigoilles.  Some  of  theae 
have  been  transported  between  30  and  40  miles,  and  as  several  moun- 
tains and  valleys  are  now  interposed,  their  transportation  mnst  have 
taken  place  at  a  very  remote  date*^. 

In  the  glen  which  separates  the  Great  from  the  Little  Saleve,  there 
are  many  granite  boulder  stones  strewed  over  a  calcareous  plain ;  and 
of  these  several  are  supported  upon  a  short  pillar  of  limestone,  result- 
ing ftt>m  the  protection  afforded  to  the  calcareous  rocks  by  the  harder 
boulder,  so  that  the  height  of  the  column  becomes  a  measure  of  the 
wearing  away  of  the  surrounding  country.  This  appearance  has  in- 
duced Saussure  to  assert,  that  these  stones  are  now  in  the  very  situa- 
tion where  they  were  left  by  the  great  aqueous  torrent,  or  debacle, 
which  tore  them  from  their  original  bed,  and  brought  them  down  from 
the  high  Alps  ;  a  conclusion,  however,  as  Mr.  Playfair  has  remarked, 
not  altogether  warranted  by  the  fact.  .  In  some  of  the  recesses  of  Ike 
the  Jura  thefe  are  large,  and  somewhat  angular,  blocks  of  granite 
which  have  evidently  been  deposited  in  their  present  situations  at  xt- 
ry  remote  periods,  ^e  surrounding  and  impending  heights  being  com- 
posed of  limestone  rocks,  which  form  an  ampitheatre  roand  the  pre- 
sent valleys.  In  the  neighbourhood  of  Neufchatel,  too,  there  is  an 
enormous  insulated  mass  of  granite :  it  is  as  large  as  the  cclebratd 

♦  See  Dr.  Kidd's  GeologictU  Eisay^  Chapter.  xviiL,  which  cgot^jift  aa  actoiaioflh^ 
TK^t  remarkable  boulders.  - 
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fcuDdatidn  of  the  statiie  of  Peter  the  Of  eat,  elected  at  PetenhaTgh 
by  Catherine  II.,  which  is  composed  of  a  honlder,  or  detached  hlock 
of  granite,  found  in  the  hay  of  the  Gulf  of  Finland,  whence  it  ws» 
transported  to  the  capital ;  its  leng;th  was  42  feet,  its  breadth  27  feet, 
its  heighth  21  feet*. 

In  the  Isle  of  Arran,  an  immense  block  of  granite  is  found  upon 
the  shore,  not  only  three  miles  from  the  nearest  granite  rock,  buthay* 
iDg  also  a  bay  of  the  sea  intervening ;  and  several  similar  instances 
might  be  adduced,  proving  the  great  ravages  that  have  been  committed 
upon  even  so  hard  and  unyielding  a  body  as  granite.  We  shall  not» 
then,  be  suprised  that  the  same  agents,  acting  upon  softer  materials, 
have  made  more  successful  depredations ;  and  have,  in  many  instances, 
completely  denuded  those  granitic  surfaces,  which  were  once  clothed 
by  secondary  strata. 

2085.  In  Cornwall,  granite  is  sometimes  of  very  rapid  decomposi- 
tion, and  the  streams  which  traverse  these  districts  deposit  a  finely-di- 
vided earthy  matter,  resulting  principally  from  the  feldspar,  and  much 
used  in  the  potteries.  Carglaise  tin  mine  is  situated  in  a  decomposing 
granite  of  this  kind,  and  presents  a  spectacle  highly  worthy  the  atten- 
tion of  the  curious.  The  mine  is  a  vast  chasm  in  the  granite  rocks 
and  exposed  to  the  day.  The  tin  ore  and  shorl  rock  traverse  it  in 
abundant  veins,  and  the  surrounding  peaks  strongly  remind  the  behold- 
er of  a  miniature  representation,  or  model  of  the  Alps.  Possibly 
tiie  rapid  decay  of  the  granite  here  depends  upon  the  quantity  of  al- 
cali  contained  in  its  feldspar. 

Dr.  Mac  CuUocb,  in  a  dissertation  on  the  granite  Tors  of  Cornwall, 
published  in  the  Otclo^dL  Transactiont^  has  made  some  interesting 
remarks  upon  the  peculiarities  which  they  present,  and  which  have 
given  rise  to  much  idle  and  ignorant  speculation.  A  very  remarkable 
Tor  is  the  Clkeese-wrtng,  upon  an  eminence  near  Liskeard.  It  is  a 
cairn  consisting  of  five  stones,  of  which  the  upper  ones  are  larger  than 
and  overhang  the  lower,  the  whole  pile  being  15  feet  high.  The 
stones  of  which'  it  consists  are  yielding  to  the  weather  most  rapidly  at 
their  angles  and  edges ;  they  are  thus  becoming  rounded,  and  approach- 
ing that  tottering  state  which  will  soon  hurry  them  down  the  precipice 
to  their  former  companion3  in  the  plains  below. 

This  tendency  of  square  blocks  of  stone  to  become  spherical,  inde* 
pendent  of  friction,  is  productive,  in  other  cases,  of  very  curious  con-  . 
sequences,  and  has  often  been  considered  as  demonstrating  the  agency 
of  streams  or  currents,  by  which  the  masses  have,  been  transport^ 
from  distant  r^ons.  The  present  Tor  has,  by  some  antiquarians, 
been  considered  as  a  druidical  statue  of  Saturn.  The  same  cause  ap* 
pears  to  have  produced  the  celebrated  Logging-stone. 

2086.  Before  we  quit  the  subject  of  primary  rocks,  it  will  be  right 
to  mention  a  district  of  Britain,  which,  for  grandeur  6f  scenery  and 
geological  interest,  can,  I  think,  scarcely  be  surpassed.  I  allude  to 
the  country  between  the  eastern  extremity  of  Loch-Ness  and  Fort- 
George,  and  especially  to  the  rocks  over  which  the  river  Fyers  pur- 
sues its  turbulent  and  winding  course. 

These  are  seen  in  characteristic  grandeur  in  the  neighbourhood  of 
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fbe  imail  inn  cdM  the  General'i-ln^  and  the  sceneiy  becomas  moe 
and  more'  impreflUTe  and  interesting  untii  we  arrive  at  the  celebnted 
iUb  of  the  river.     I  iihonld  call  the  ro<^  a  gruuitk  breccia^  fvt  eemgUh 
mtrot9 ;  it  appears  made  up  of  nomerons  angokr  fragments  of  gramtk 
materitJBy  held  together  by  a  siliceous  cement,  and  the  aggr^ale  is  of 
atreme  hardness  and  duraWlity  ;  masses  resembUng  jasper  and  i^ 
WJ  idso  he  observed  in  it.    Dr.  Garnet  compares  the  ceateot,  or  baau 
of  the  rock,  to  a  lava  of  a  reddish  hue ;  and  a  coaunoa  observer 
w^ull  consider  the  whole  as  fragments  of  granite  which  had  been 
imiledby  semi-fusion,  or  softened  and  glued  together,  as  it  were  mthe 
lire.    Ijie  general  aspect  of  the  surrounding  scenery  is  such  as  to  im- 
press the  mind  with  tibe  idea  of  some  vast  convulsion  of  nature  having 
torn  the  rocks  asunder,  and  shattered  them  into  gigantic  fri^gments ; 
rugged  crags  and  abrupt  precipices  present  themselvea  on  all  sides, 
and  the  river  rashes  with  tremendous  impetuosity  throu^  deep  Kid 
obstracted  chanos.    A  rude  bridge  is  thrown  over  the  i^per  &U, 
whence  the  spectator  beholds  the  waters  of  the  Fyers,  al  the  distance 
of  200  feet  beneath  him,  rushing  into  a  cavity  oS  70  feet  ta  depth, 
whence  they  ^gain  emerge  in  perfect  stillness,  and,  runmng  over  an 
vneren  and  fragmented  channel,  approach  the  lower  or  grand  fidl. 
Here  the  waters,  previously  pent  up  and  exasperated,  suddenly  dis- 
charge all  flieir  violence,  and  are  lost  in  a  deep  abyas.     The  depth  of 
the  chasm  in  which  the  river  flows  is  400  feet,  and  it  bursts  Ibr^ia  an 
unbroken  stream,  constituting  a  lall  of  212  feet  perpendicular  Jfaei^ 
The  rugged  irregularities  of  this  district,  the  fragments  thai  lie  thicUy 
strewed  upon  the  sidee  of  its  mountains,  the  caverns  ^liat  abound  in 
its  rocks,  and  the  perpendicular  precipice  of  the  great  cascade,  const* 
dered  conjointly  with  the  peculiar  texture  and  compositioB  of  the  out- 
teriab  Uiat  form  it,  present  many  ol^ecU  worthy  the  attention  c£  some 
Ideologist,  and  any  be  regarded  as  recording  some  great  natural  conml- 
•ion,  which  has  not  oidy  broken  up  and  reunited  ceilam  primary  rocks, 
but  has  again  disturbed  their  tnmquillity ,  and  thrown  them  iulo  the  stu- 
pendous confusion  they  now  exhibit. 
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Section  III.     Of  Stratified  Rocks,  and  of  the  Tramition  and  Secondary 
Formations  of  Werner, — Rock-salt,  Coal,  Alluvial  Matters,  Basalt. 

2087.  We  now  descend  from  the  primitive,  to  the  transition  rocks 
of  Werner ;  these  are  more  particularly  the  stratified  rocks  of  the  Hutto- 
nian  geologists,  and  they  are  distinguished  by  seyel-al  well-mariced 
characters  from  the  unstratified  and  prittiary  rocks. 

One  leading  and  general  circumstance  may  be  observed  in  regard  to 
them,  which  is,  that  they  never  attain  the  great  elevation  of  the  pri- 
mary bodies  ;  this  has  been  elsewhere  referred  to  the  comparitive 
readiness  with  which  they  yield  to  the  assaults  of  decomposition  and 
disintegration. 

The  highest  known  mountaios  in  the  world  are  those  of  Thibet, 
constituting  the  Him&16y$Ln  chain.  They  are  alluded  to  by  Col. 
Kirkpatrick,  in  his  History  of  NepavA,  and  an  extended  and  interesting 
account  of  them  has  been  published  by  Mr.  Colebrooke,  in  the  Asiatic 
Reuarchts,  Vol.  xii. 

Of  this  chain,  the  highest  peak,  covered  with  eternal  snow,  is  called 
DwBwala-giri,  or  White  Mountain ;  it  is  the  Mont-Blanc  of  the  In- 
dian Alps,  and  rised  to  the  astonishing  altitude  of  96,462  feet  above  the 
level  of  the  plains  of  Gorakh*pfir ;  or,  upon  the  lowest  computation, 
26,862  feet  above  the  level  of  the  ocean.  This  is  about  6000  feet 
higher  than  Chimboraso,  11,000  feet  higher  than  Mont-Blanc,  and 
22,000  feet  higher  than  the  most  elevated  peak  of  the  British  domi- 
nions, which,  indeed,  makes  Ben-Nevis  seem  very  insignificant,  though 
its  summit  is  close  upon  the  verge  of  perpetual  snow  in  this  climate. 
There  can  be  no  doubt  that  the  lofty  peaks  of  the  Thibet  chain  are 
granite,  though  we  learn  that  the  hills  which  border  them  are  secon- 
dary, and  contain  remains  oi  spiral  shells.  The  elevation  of  secondary 
rocks  will,  in  a  great  measure  depend  upon  that  of  the  primary  mate- 
rials beneath  them ;  thus,  in  the  Andes  they  attain  12,000  feet,  in  the 
Alps  7000,  end  in  this  covniry  not  more  than  3500. 
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t68^.  In  respect  to  the  original  formation  of  secondary  tocia,  tie 
notions  of  tbe  Wemeriana  suid  Huttoidans  are  not  so  widely  differat 
as  we  have  found  them  formerly ;  they  both  9gree  that  they  are  dqio- 
sitions  from  water  5  but  how,  then,  have  they  lost  their  neceisary  bo- 
rizontality,  and  acquired  positions  more  or  less  inclined,  or  etcn  mbic- 
times  rertical  ?  Dr.  Hutton  conceived  they  were  elevated  wad  hir- 
dened  by  the  throwing  up  Of  the  primary  or  anstratified  rocks  fit» 
below,  in  the  state  of  igneous  fusion.  It  was  once  a  g;reat  difficaltjto 
imagine  a  combustible  which  should  thus  famish  fnel  to  melt  these  im- 
mense masses  of  primary  materials,  and  to  conceive  the  real  caoie  of 
that  expansive  power  of  heat  which  Dr.  Hutton  always  flies  (0.  E^ 
the  discoveries  of  Sir  H.  Davy,  concerning  Uie  true  nature  of  earthy 
bodies,  have  furnished  unexpected  evidence  in  defence  of  di«e  ap- 
parent incongruities  of  the  Huttonian  doctrines,  and  it  is  bestowii^  &d 
small  praise  upon  a  theory,  to  allow  that  it  is  streng^ened  bjtheprth 
gross  of  knowledge,  and  elucidated  by  the  advances  of  expenmeota/ 
research.  However,  that  these  elevating  powers  do  enst,  is  prored 
by  the  sodden  throwing  up  of  a  hill  in  the  bay  of  Naples,  ulnchwas 
raised  1000  feet  in  a  single  night*,  and  by  the  appearance  of  saeiv  is- 
land at  the  Azores,  in  water  between  iO  and  60  fathoms  deept.  ^e 
must  afterwards  refer  to  the  cause  of  these  phasnomina.  At  preseol 
possession  of  the  fact  is  the  main  requisite.  In  the  Neptunian  system. 
It  is  conceived  that  the  position  of  the  strata  has  depended  opoD  the 
ground  they  have  been  deposited  upon,  and  that  they  have  partly  crjs- 
tallieed,  and  partly  subsided,  upon  the  inclined,  or  nearly  veiti^, 
sides  of  primary  rocks  ;  or  that  the  falling  in  of  cavems  has  occasiea- 
ed  their  present  irregularities ;  but.  When  we  observe  the  mischief 
which  the  primaiy  rocks  seem  to  have  done  tbe  secondary,  and  wbea 
we  take  ioto  the  account  all  the  p^a^nomena  of  granite  veins,  More 
discussed,  I  thmk  that  he  who  is  not  unduly  biassed,  wiU  feel  inclined 
to  acquiesce  in  the  Huttonian  interpretation.  It  is  proba\Ae,then,ihrt 
the  materials  of  the  transition  rocks,  or,  as  I  would  rather  put  it,  of 
those  secondary  and  stratified  rocks  which  are  immediately  incumbeot 
upon  the  unstratified  primitive  rocks,  are  derived  frun  the  destncn'oo 
of  a  former  order  of  things ;  that  they  have  been  delivered  inlothe 
ocean  by  the  rivers,  that  they  have  covered  the  bottom  of  theses,  tnd 
have  been  hardened,  elevated,  and  traversed  by  the  erupttoa  of  gra- 
nitic and  other  substances  belonging  to  that  claos,  from  the  bowdb  of 
the  earth. 

2089.  The  next  peculiarity  of  the  secondary  rodts  that  preseots 
itself,  is  their  containing  fragments,  pebbles,  and  organic  renuuBs; 
whence  cosmogonists  have  framed  sundry  conclusions  concenung  tbe 
particular  period  of  their  formation,  which  it  will  be  anwise  and  use- 
less here  to  discuss.  At  the  same  time,  the  presence  of  bodies  wbicfa 
once  belonged  to  the  organized  kingdoms,  but  which,  although  still  re- 
taining their  original  formS)  are  completely  fossilized,  fbrniehes  us  wid) 
many  interesting  conclusions,  and  holds  out  to  the  inquisitive  unfriliia; 
matter  of  useful  discussion.  Id  the  oldest  secondazy  rocks  fh^meo^ 
are  often  found,  and  rounded  pebbles,  whence  we  leara  their  or^ 
from  former  rocks.     Upon  these,  beds  occur  which  cootain  1 

?  Sf  ,®''*  \^*  Hamlton's  account,  in  tlM  PkaoMpkicai  TVimsacfuMi,  1771. 
i  eUthsaphtcfU  TrmutKikms,  18U».    See  Dr.  Kidd»«  £w»y,  C3w  x^rii 


CLAT*SX.AT£t  597 

of  Bhells,  corals,  and  fiah,  all  of  marine  origin,  and  oftentimes  the  taeea 
are  extinct.  Approaching  the  newer  rocks,  relics  of  quadrupeds,  now 
no  longer  known,  are  obsenred ;  and,  following  the  deposition  of  stra* 
ta,  we  ultimately  arrive  at  remains  of  lizards,  crocodiles,  elephants, 
deer^  and  some  other  animals ;  and  ^e  occasionally  discover  districts 
containing  land  and  sea-shells  in  alternating  layers. 

I  merely  make  allusion  to  these  facts,  to  show  how  curious  and  new 
is  the  field  of  inquiry,  which  modem  geology  has  opened.  It  has  taught 
us  that  whole  races  of  animals  have  been  swept  from  the  earth's  sur* 
face ;  that  not  only  species,  but  likewise  genera,  have  become  extinct ; 
that  fresh  water  and  dry  land  existed  before  the  formation  of  many  of 
our  secondary  strata ;  that  oviparous  quadrupeds  began  to  exist  along 
with  fish,  nearly  at  the  commencement  of  the  secondary  formations ; 
that  mammiferous^  sea  animals  are  of  more  ancient  formation  than  land 
animals  ;  that  a  few  of  those  now  known,  existed  towards  the  termina- 
tion of  secondary  formations,  but  that  by  &r  the  greater  number  are 
of  later  date,  and  probably  contemporary  with  the  present  order  of 
the  earth's  surface,  for  their  bones  are  only  discovered  in  very  recent 
depositions,  and  are  in  a  state  of  inferior  preservation  to  those  of  more 
ancient  date ;  and,  lastly,  it  is  to  be  observed  that  no  fossil  human  re- 
mains have  yet  been  found. 

Such  are  some  of  the  topics  which  this  part  of  geology  presents  for 
consideration,  and  which  show  us  that  the  earth  is  indeed  "  as  a  book^ 
in  which  men  may  read  strange  matters."  Though  the  existence  of 
fossil  remains  must  have  been  noticed  from  the  earliest  ages,  the  philo- 
sophical discassions  to  which  they  have  given  rise  are  of  very  modem 
date,  and  the  merit  of  fixing  the  geologist's  attention  upon  them,  as 
recordmg  certain  revolutions  of  the  globe,  belongs  chiefly  to  Cuvier. 

Further,  to  promote  attention  to  the  nature  and  arrangement  of  the 
secondary  rocks,  it  may  be  suggested  that  they  are  the  chief  reposito- 
ries of  metallic  substances  ;  and  that,  by  their  decomposition  and  de- 
cay they  furnish  the  principal  materials  of  the  soil  in  which  the  vege- 
table has  its  habitation,  and  consequently  upon  which  the  existence  of 
animals  ultimately  depends. 

2090.  Of  the  secondary  rocks,  Clat-slate  may  be  first  noticed  ;  it 
is  extremely  abundant,  and  generally  immediately  incumbent  upon  the 
primary  series.  It  is  often  micaceous  near  the  junction,  and  we  fre- 
quently observe  it  fragmented,  and  penetrated  by  quart^Si  or  feldspar, 
or  mica,  or  by  granite  itself.  Before  the  blow-pipe,  it  fuses  into  a 
hlack  mass  ;  its  usual  colours  are  variotis  shades  of  grey,  and  it  is  ge-7^ 
nerally  so  soft  as  to  yield  to  the  nail.  Siliceous  and  argillaceous 
earths,  and  oxide  of  iron,  with  a  little  lime  and  magnesia,  are  its  prin- 
cipal ingredients*.  The  varieties  of  slate  are  applied  to  various  nsefiil 
purposes  z  that  which  is  easily  separable  into  thm  plates,  compact,  so- 
norous, and  not  injured  by  the  application  of  a  moderate  heat,  is  ^n- 

*  I  obtained,  as  the  resuits  of  the  analysis  oT  a  ipecimen  from  Laast  near  DunbaHpo^ 
liia  following  component  part*: 

sSica 4B 

Aluniina  . 28 

Magnesia 5 

Linie 2.5 

Oxide  of  iron 10 

1«9S S^ 

100.0 
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pldved  for  roofing  Iioases.  London  is  chiefly  supplied  from  Baofv. 
in  Caernarvonshire  ;  and  from  the  neighbourhood  of  Kendal^  in  W<9S- 
moreiand ;  there  are  also  very  large  qaanies  at  Easdale,  in  Aig^liire ; 
according  to  Mr.  Jameson,  five  millions  of  slates  are  there  aumalh 
manufactured,  which  gives  employment  to  300  men.  There  are  »• 
veral  slate  quarries  of  note  in  Dumbaitonshire  ;  one  ought  paiticnlar- 
ly  to  be  mentioned,  at  Luss  v  it  is  of  geological  interest,  and  oosmianjj 
a  captivating  view  of  the  lake,  and  the  neighbourii^  mountaitis.  Hera 
the  clay-slate  rests  upon  mica  slate ;  the  former  is  of  a  purplidi  lint  pe- 
netrated by  veins  of  pink  carbonate  of  lime,  and  of  quartz ;  tbe  btter 
is  very  remarkably  contorted. 

2091.  Other  varieties  of  clay-slate  are  used  for  wrttii^-fllsie»,sJ4te- 
pencil,  ^c. ;  and  where  slate  is  very  abundant,  we  observe  k  employ- 
ed for  monumental  tablets,  pavements,  and  waDs.  Ciystab<)firM 
pyrites,  and  some  other  extraneous  bodies  are  not  rare  is  fkte;  Ihese 
generally  render  it.  unfit  for  the  applications  I  have  aUadedlo.  Skte 
dften  contains  fragments  of  other  rocks,  embedded  maasei ,  sad  aodsks 
of  various  kinds,  frequently  pebbles,  and  occaaionallj  a  few  impres- 
sions of  shells  ;  it  also  often  derives  a  green  colour  fipom  the  ftreeoce 
of  a  mineral  cMedehlorite^  consisti^  of  oxide  of  iron  united  to  nhceons 
and  aluminous  earths.  The  slates  containing  "embedded  matten  an 
ealled  grauwacke^datts,  or,  when  of  a  less  slaty  fracture,  smjiy  ctum- 
WACKE,  a  substaAce  which  is  abundant  in  this  country. 

2092.  The  slate  district  of  England  is  of  considerable  extent,  and 
neither  wants  sublimity  nor  grandeur ;  it  follows  the  great  primary 
ehain  which  I  before  alluded  to,  as  running  north  and  south  upon  tble 
west  side  of  England  ;  in  Cornwall  the  slate  is  seen  immedtateJy  incam- 
bent  upon  granite,  and  the  slaty  districts  form  rery  beasti/bJ  scenerj 
upon  many  parts  of.  the  coast.  The  term  jblios  hai  been  applied  to  it 
by  the  miners.  Nothing,  I  think,  can  exceed  the  scenery  about  Looe. 
Fowey,  and  the  country  between  it  and  Falmouth,  and  upon  \!he  hot^ 
coast  Tintagell  is  yet  ^lorc  remarkable. 

There  is  9ome  grauwacke  in  many  parts  of  ComwaQ.  The  be.'t 
marked  specimens  I  have  seen,  are  from  Mawnan,  near  Faimoodi, 
where  it  adternates  with  clay  slate. 

2093.  The  slate  district  of  Wales  is  of  singidar  interest  adi  magni- 
ficence, as  those  will  acknowledge  who  have  visited  the  cfaaia  ofioonxh 
tains,  includii^  Snowdon,  Plynlimmon,  and  Cader  Idris.  Tbes( 
mountains  attain  an  elevation  of  bet  wen  3000  and  4000  feet,^irscm- 
mits  are  jagged  and  irregular,  their  declivities  steep  and  barren,  »id 
the  neighbouring  passes  and  valleys  have  all  the  peculiarities  that  sbtr 
confers ;  among  them,  the  Dell  of  Aberglaslyn,  viewed  from  the  iffkb 
which  unites  Merionethshire  to  the  country  of  Caernarvon,  presenU  a 
grand  and  awful  feature.  The  rocks  afe  lo%,  lonesome,  wd  bbci 
their  sides  exhibit  terrific  and  inacessible  precipices ;  or  where  tlH 
slopes  are  more  gentle,  they  are  covered  with  the  sharp  angular  fnc 
ments,  which  time  and  the  elements  have  dislodged  from  above.  T!f 
wood-cut  at  the  head  of  this  Section  shows  the  character  of  the  cla> 
slate  upon  the  coast  of  North  Wales. 

Advancing  northwards,  the  mountain  chain  is  broken  by  the  lovb  - 
of  Lancashire ;  but  in  Westmoreland  and  Cumberlaqd  slate  again  p 
sents  itself,  plentifully  accompanied  by  grauwacke,  wbich  contnlntr 
to  the  enchanting  scenery  of  the  lakes.    As  black  peaks  and  preen 
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es  strewed  with  slippery  and  cutting  fragments  mark  tbe  mountains  of 
:ommon  slate,  so  hare  the  grauwacke  rocks  peculiarities  hy  which  they 
ire  recognised,  and  which  are  no  where  more  evident  than  in  the 
ounded  summits  that  emhosom  Derwentwater,  as  represented  in  the 
tnnexed  cut.     In  their  forms,  tints,  and  outlines^  there  is  something 


ndescribably  delightful,  and  they  present  that  rare  union  of  the  sub- 
line and  beautiful,  of  which  no  better  idea  can  be  formed,  than  that 
uggested  by  Mr.  Burke's  comparison  :  '*  Sublime  objects  are  vast  in 
iieir  dimensions  ;  beautiful  ones  comparatively  small;  beauty  should 
e  smooth  atid  polished;  the  great,  rugged  and  negligent;  beauty 
hould  shun  the  right  line,  yet  deviate  from  it  insensibly  ;  the  great, 
1  many  cases  loves  the  right  line,  and  when  it  deviates,  it  often  makes 

strong  deviation ;  beauty  should  not  be  obscure  ;  the  great  ought  to 
e  dark  and  gloomy ;  beauty  should  be  light  and  delicate  ;  the  great 
ught  to  be  solid  and  even  massive."     These  qualities  of  that  which 

sublime,  well  ^ply  to  the  rocks  I  have  before  described,  and,  when 
leaded  with  the  parallel  definition  of  the  beautiful,  furnish  a  just  notion 
r  the  aspect  of  those  now  under  consideration. 

2094.  The'tarieties  of  mountaiic  lime;stpj7e  (the  transition  libie- 
TONES  of  the  Wernerians)  are  the  substances  that  next  occur.  They 
'e  frequently  seen  immediately  incumbent  upon  clay -slate,  and  are  fur« 
(cr  distinguished  from  primitive  limestone,  or  statuary  marble,  by  hav- 
g  a  less  decidedly  crystalline  texture.  Where  this  rock  lies  directly 
3on  slate,  it  contain?  few  organic  remains ;  but  where  red  sandstone  is 
terposed  between  it  and  the  slate-rocks,  or  in  proportion  as  it  is  distant 
om  the  primary  and  slate-rocks,  the  relics  of  organization  become  more 
eqaent.  It  then  abounds  in  remains  of  corals  and  zoophytes,  which 
)w  are  not  known  to  exist  It  often  is  traversed  by  veins  of  calcareous 
ar,  and  presents  a  great  variety  of  colours.  It  is  abundant  in  Devon- 
ire,  South  Wales,  Derbyshire,  and  Yorkshire.  At  Plymouth  this 
fik  is  seen  immediately  incumbent  upon  «late,  in  a  quarry  between 
e  Dock  and  the  Town.    Its  colours  are  red  and  grey,  streaked  with 
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white  eryetalUne  veiDS.    it  is  abio  seea  to  freat  perfectioo  m  ^ 
Breakwater  qaanries  at  Orestoo* 

2095.  Slate  districts  often  present  very  curious  inflexions  and  incor- 
rations  of  their  strata.  The  slate  at  Plymouth,  and  the  jg;raQwacke  M 
Clovelly  in  the  north  of  Deyon,  and  the  killas  upon  the  coast  of  Com- 
wall  near  Charlestown,  are  in  many  places  very  singularly  contoned ; 
and  sometimes  small  undulations  present  themselves  in  the  laninap.  ex- 
actly resembling  those  left  by  the  ebbing  tide  upon  a  gently  rwhning 
saiid-bank.  These  appearances  may,  perhaps,  be  referred  to  the  ac- 
tion of  water  upon  the  materials  before  they*  were  consolidated. 

2096  Limestone  strata  are  also  very  remarkable  for  the  iofletioD« 
and  curvatures,  referred,  not  very  satisfactorily,  by  Dr.  Hntton  to 
their  having  been  in  a  soft  state  at  the  time  they  were  disturbed  from 
their  horizontal  position.  There  are  some  very  curious  iastaocfi  ef 
these  cui  vatures  noticed  by  Saussure  ;  one,  in  particular,  od  the  Toml 
from  Geneva  to  Chamouny,  where  the  small  stream  tf  .Yaii D'.lrp^r.y 
forms  a  cascade  by  falling  over  a  perpendicular  sur&ce  of  iifflestone 
»ock  ;  the  strata  are  bent  into  regular  arches,  with  the  coMwity  lo 
the  left;  while  in  another  neighbouring  mountain  they  turn  to  the 
right ;  so  that  a  verticle  section  of  the  two  would  present  the  figon  of 
S.  The  top  of  Benlawers  in  Perthshire,  and  the  coast  o(  Berwick- 
shire, with  many  other  districts  in  Scotland,  present  instances  of  ibe^e 
singular  contortions.  Dr.  Hutton  has  given  a  plate  of  the  bent  strata 
in  Berwickshire,  from  a  drawing  made  by  Sir  James  Hall.  1  canoot 
here  follow  Dr.  Hutton  and  his  sagacious  commentator  thraagfa  their 
arguments  founded  upon  these  phenomena,  they  attempt  to  prpre  that 
the  undulated  strata  have  received  their  pecaliarities  upon  level 
ground  ;  that  they  have  then  been  elevated,  hardeoed,  and  oflen  bent 
and  contorted  during  these  processes  ;  and  that  their  irr^utarities  as 
to  position,  and  their  fractures  and  dislocations  have  thus  occared,  and 
do  not  result,  as  the  opposite  school  would  have  it,  firam  &e  Wsd%  \n 
of  caverns, — a  position  which  they  assume  as  at  once  accountbs  for 
such  appearances,  and  for  the  retreat  of  the  ocean.  Hutton  coim^en 
the  land  to  have  been  raised,  Werner  supposes  the  waten  to  hare  re- 
treated. 

S097.  The  aspect  of  a  country  of  mountain  limestone  is  pecohar, 
and  generally  extremely  picturesque.  The  hills,  which,  ia  this  coun- 
try at  least,  are  not  very  lofty,  abound  in  precipices,  cafeTiis,  and 
chasms  ;  and,  when  upon  the  coast,  form  small  promontories,  and  iat 
out  in  low  but  grotesque  pillars.  The  even  surfaces  are  covered  with 
a  stinted  turf,  but  the  rifts  and  cracks  contain  often  a  soft  rich  soil  :& 
which  stately  timber  trees  flourish.  The  chasms  of  limestone  mki 
are  often  filled  with  a  fine  clay,  which  has,  perhaps,  sometimes  Wa 
derived  from  the  decomposition  of  shaly  strata,  or  sometime  depo^ti- 
ed  from  other  causes  in  the  fissures,  and  the  singularities  of  asptni. 
and  much  of  the  beauty  of  this  rock,  is  referable  to  these  pecaiiahur  • 
Thus,  upon  the  banks  of  the  Wye,  large  and  luxuriant  trees  grace  iKt 
abrupt  precipices,  and  jut  forth  from  what  appears  a  solid  rock.  Thfj 
roots  are  firmly  attached  in  some  crevice  fiJled  with  a  fiivoorable  v.i 
Sometimes  rivers  force  their  way  through  the  chasms  ;  at  other  uQ>^' 
they  are  empty,  and  the  roofs  ornamented  by  nature's  hand  ^^^ 
'  stalactitical  concretions  of  «white,  and  glistening  spar,  which  seea  li£^ 
the  fretted  sculpture  of  Gothic  architecture. 
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The  yiews  of  Dovedale,  and  of  Matlock  and  its  Yicinity ;  and  th^ 
caves  of  Castleton,  are  admirably  illustrative  of  the  scenery  of  moua- 
tain  limestone.  Pont-Neath  Vaughn,  in  Glamorganshire,  is  full  of  its 
beauties  ;  and  the  panorama  of  Swansea  Bay,  seen  from  the  Mumbles 
Point,  furnishes  a  pleasing,  characteristic,  and  perhaps  unrivalled, 
prospect  of  these  rocks. 

The  banks  of  the  Avon  too,  in  the  vicinity  of  Chepstow,  are  of 
mountain  limestone.  The  rock  is  there  impregnated  with  bitumen, 
and  hencei  exhales  a  peculiar  und  fetid  odour  when  submitted  to  the 
blows  of  the  axe  or  hammer.  This  is  by  no  means  uncommonly  the 
case  where  the  limestone  rock,  as  in  the  present  instance,  is  in  the  vi-^ 
cinity  of  coal.  The  following  sketch  may  serve  to  give  some  idea  of 
the  appearance  of  the  mountain  limestone  of  Dovedale,  in  Derbyshire, 
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2098.  Moantain  limestone  is  an  excellent  material  for  building,  and 
iBany  of  its  yarieties  are  sufficiently  indurated  to  receive  a  good  polish, 
and  are  thus  employed  for  ornamental  purposes,  being  cut  into  vases, 
chimney-pieces » and  the  like.  Where  they  abound  in  corals,  and  other 
organic  remains,  these  frequently  add  to  their  beauty. 

The  colours  of  transition  limestone  are  Tanous,  but  its  essential 
constituent  part  is  always  carbonate  of  lime.  The  black  variety  known 
under  the  name  of  LMCijUlite*^  or  black  marble,  has  long  been  admired, 
and  is  often  tastefully  manufectured  and  ornamented  by  etching  upon 
its  sur&ce.  It  is  found  in  Derbyshire,  Sutherlandshire,  and  Galloway, 
and  appears  to  derive  its  colour  from  carbonaceous  matter. 

All  these  limestones  are  converted  into  a  more  or  less  pure  quick  lime 
by  the  operation  of  a  red  heat,  and  are  thus  often  valuable  as  affording 
manuFes,  and  for  other  purposes. 

2099.  The  next  rock  that  occurs  in  point  of  succession,  is  red 
SAifoaTONE.     It  often  rests  upon  slate,  and  then,  from  its  position  has 


*  A  oajoae  given  to  the  marble  in 
cius  LucaUos.    Vide  PHmi  Hist.  Aa<., 


S. 

4  K 


of  tike  admintioQ  bcistoired  upon  it  by  Lu- 
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acquired  the  term  of  old  red  sandstone.  But  a  sinular  substaDce,  or 
nearly  so,  also  is  foaad  lying  upon  mountain  limestone,  in  which  ok 
it  has  heen  called  red  marl^  or  new  red  sandstone. 

Entering  upon  this  suhstance,  we  come  upon  distinctly  stratified 
ground ;  it  is  very  ahundant  in  England,  especially  in  Lancashire. 
Cheshire,  Staffordshire,  Shropshire,  and  Worcestershire  ;  and  mdepeo- 
dent  of  its  embowelled  treasures,  for  it  is  connected  with  coal  and  rtxk 
salt,  its  surfece  is  generally  fiivourable  to  vegetation,  and  its  soil  suffi- 
ciently luxuriant.  It  consists  principally  of  siUceous  particles,  and 
oxide  of  iron,  with  some  argillaceous  earth,  and  more  or  less  caJare- 
ous  matter.  Its  beds  are  often  of  great  thickneas,  as  may  be  seen  la 
the  quarries  ;  it  is  much  used  as  a  building  stone,  but  moolden  in  coBse- 
quence  of  the  action  of  air  and  moisture  upon  the  oxide  of  iroo.  It  oi- 
ten  contains  particles  of  mica,  and  fragments  and  pebbles  of  old  rocks. 
3000.  Red  sandstone  rocks  are  seen  in  some  parts  of  Britain  to  great 
^  beauty  and  perfection,  especially  where  they  occur  on  the  coast,  or 
are  intersected  by  rivers.  At  Ilfracomb,  the  old  red  stndslOBe  of  the 
Somersetshire  coast  is  seen  lying  upon  slate ;  and  the  jancdoais  inte- 
resting to  the  geologist,  the  sandstone  becoming  somewh^skty^aadthe 
slate  having  a  tendency  to  a  granular  fracture.  The  AQowing  ^etch 
of  Hawthomden,  near  Edinburgh,  shows  the  characteristic  fe^ares  o£ 
the  red  marl  rock,  or  newer  red  sandstone  ;  and  the  ancient  castle, 
with  its  dungeons  and  vaults,  is  constructed  of  this  materiaL    Ridges 


of  red  sandstone,  containing  mica  and  fragments,  sonEietimes  accompiDy 
primary  rocks,  of  which  a  very  singular  instance  occurs  upon  the  banb 
of  Loch-Beauly,  near  Inverness  ;  a  high  range  of  granite  is  there  bor- 
dered  by  a  breccia,  very  like  that  of  the  bed  of  the  Fyers  ;  and  a  low 
ridge  of  red  sandstone,  of  which  the  valley  is  abo  composed,  acconh 
names  the  series,  and  seems  the  detritus  of  the  more  ancient  and  lofty 
formations. 

3001.  The  slates,  grauwackes,  and  limestones,  are  in  this  coualn 
the  prmcipal  seats  of  the  metallic  ores  ;  and  they  form  scenery  whicb 
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gradually  decreasing  in  grandeur  and  sublimity,  increase  in  softness, 
Tariety,  and  luxuriance.  In  the  lowest  sandstone  formation,  we  meet 
with  a  Tariety  of  bodies  of  the  utmost  importance  in  our  arts  and  ma- 
nufactures. 

3002.  A  substance  which  occurs  in  abundance  in  many  parts  of  the 
red  strata,  is  gypium  or  iulphaU  of  lime,  known  also  under  the  name  of 
plasUr-ttone,  seUnite,  and  alabatUr.  Near  Tutbury  in  Staffordshire, 
and  near  Nottingham,  it  is  found  in  blocks  and  yeins  ;  and  lately  a  va- 
riety, new  in  England,  has  been  found,  called  Anhydrite.  These  mine- 
rals constitute  valuable  materi^s  for  the  ornamental  manufactures  of 
Derbyshire. 

3003.  In  the  county  of  Cheshire  the  red  sandstone  contains  immense 
beds  of  common  salt,  most  abundant  in  the  valley  of  the  Weaver,  and 
near  Middlewich,  Northwich,and  Nantwich  ;  it  is  accompanied  by  gyp- 
sum. The  first  stratum  was  discovered  about  1 60  years  ago,  in  search- 
ing for  coal.  It  begins  about  3(/yards  from  the  surface,  and  is  25  yards 
thick  ;  below  this,  and  separated  from  it  by  10  or  12  yards  of  indurated 
clay,  is  another  bed  of  salt,  the  extent  of  which  is  unknown  ;  in  mftny  ' 
places  it  is  nearly  pure,  in  others  tinged  with  oxide  of  iron  and  clay. 
This  pit  is  at  Northwich  ;  and  at  other  places  there  are  very  abundant 
brine  springs.     A  most  remarkable  circumstance  in  the  Northwich  mine 

is  the  arrangment  of  the  salt,  giving  rise  to  an  appearance  something 
like  a  mosaic  roof  and  pavement,  where  i|  has  been  horizontally  cut. 
The  salt  is  compact,  but  it  is  arranged  in  rounded  masses,  five  or  six 
feet  in  diameter,  not  truly  spherical,  but  each  compressed  by  those  that 
surround  it,  so  as  to  have  the  shape  of  an  irregular  polycdron.  The 
Wernerians  regard  the  salt  as  having  merely  crystallized  here  from  its 
agueous  solutions ;  the  Huttonians  consider  the  water  to  have  been 
evaporated  by  heat.  The  large  pit  at  Northwich  presents  a  very'sin- 
gular  spectacle  when  duly  illuminated  ;  it  is  a  circle  of  nearly  two  niSles 
in  circumference,  the  roof  is  supported  by  massive  pillars  of  salt,  and 
the  effect  is  heightened  by  the  variety  of  colours  it  presents'*.    . 

3004.  Coal  is  the  most  important  product  of  these  middle  strata. 
What  is  called  a  coalfield,  or  diitrict,  or  sometimes  a  co€tl  bann,  may 
be  regarded  as  a  concavity,  varying  greatly  in  extent,  from  a  few  to  many 
miles,  and  containing  numerous  strata  or  seams  of  coal  of  very  various 
thickness,  alternating  with  sandstone,  clays,  and  soft  slate  or  shale  con- 
taining impressions  of  vegetables  and  sometimes  the  remains  of  fresh 
water  shell-fish.  The  parallelism  of  these  strata  is  generally  weU  pre- 
served. The  whole  arrangement  is  seldom  any  where  quite  horizon- 
tal, and  never  vertical,  but  almost  always  more  or  less  inclined.  Be- 
neath each  stratum  of  coal,  there  is  often  one  of  soft  clay,  or  clunch, 
which  rarely  contains  the  organic  remains  of  the  overlying  shale :  and 
although  the  alternating  stra^ta  of  coal  be  very  numerous,  it  is  seldom 
that  more  than  three  or  four  will  afford  profitable  occupation  to  the 
miner.  The*upper  seam  is  commonly  broken  and  impure,  and  few  beds, 
less  than  two  or  three  feet  in  thickness,  are  followed  down  to  any  con- 
considerable  depth.  The  depth  of  the  mines  will  of  course  greatly 
vary,  acqording  to  the  inclination  of  the  strata,  the  time  they  have  been 


•  See  A  Sketch qf  the  J^aturalHUtory  qf  ih€ Cheshire  Roek-nli  ZHttrieL    BjHepry 
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worked,  and  other  drconistances.  Oar  deepest  mines  are  in  the  i 
ties  of  Durham  and  Northamberland,  and  the  thickest  beds  are  found 
in  Staffordshire.  The  most  productive  wry  from  six  to  nine  feet, 
r  3006.  There  are  several  varieties  of  coal,  but,  as  &r  as  their  econo- 
mical applications  are  concerned,  they  may  principally  be  redncedto 
two.  The  coals  of  Lancashire /Scotland,  and  most  of  those  raised  upon 
the  west  of  England,  bum  quickly  and  brilliantly  into  a  light  ash : 
whOe  the  coal  of  Northumberland  and  Durham,  becomes  soft  and  puf- 
fy, spouts  out  bright  jets  of  flame,  requires  poking  to  continue  m 
combustion,  and  produces  bulky  cinders,  which,  if  urged  in  a  violent 
fire  or  mixed  with  fresh  coals,  run  into  slags  and  clinkers. 

3006.  Though  coal  is  chiefly  found  in  the  geological  position  I  have 
mentioned,  constituting  the  independent  coal  formation  of  Werner,  it  is 
likewise  found  in  other  situations,  amongst  newer  rocks,  and  sparingly 
in  alluvial  soils.  But  in  this  country,  the  main  coal  formations  are 
marked  by  their  position  ;  their  contiguity  to  limestooe  and  ofien  to 
slate  ;  by  micaceous  grits  and  sandstones  ;  and,  above  all,  by  shale  with 
vegetable  impressions,  decomposing  into  tenacious  blue  cVaj. 

3007 .  The  greater  number  of  geologists  are  now  unanimous  as  to 
the  vegetable  origin  of  coal ;  and,  indeed,  its  composition,  the  abun- 
dance of  vegetable  bodies  with  which  it  is  often  associated,  and  the  gra* 
dual  transitions  of  wood  into  coal,  discoverable  in  many  parts  of  the 
world,  may  be  considered  as  satisfactory  evidence  upon  this  subject : 
but  how  it  has  been  formed,  is  another  and  more  intricate  question. 

Dr.  Hutton  considered  coal  strata  to  have  been  produced  by  the 
operation  of  subterranean  heat,  in  the  manner  already  described,  act* 
ing  upon  vegetable  bodies  and  charcoal  under  ezceedii^  pressure, 
which  prevented  the  usual  phenomena  of  combosUon,  and  bindered 
the  escape  of  the  inflammable  part.  Sometimes,  he  observes,  more 
or  less  bitumen  has  been  driven  off,  for  we  find  it  in  other  strata. 

By  Mr.  Williams,  antediluvian  timber  and  peat  bog  are  regarded  as 
the  source  of  our  present  coal ;  and  a  variety  of  curious  circumstances, 
which  the  minute  history  of  coal  fields  presents,  have  been  adduced  as 
favourable  to  his  condasions. 

3008.  The  coal  miner  is  often  seriously  interrupted  in  his  proceed- 
ings, by  large  fissures  or  breaks  in  the  strata,  and  by  veins  of  a  hard 
black  rock,  which  cut  through  the  coal,  sometimes  merely  dividing  it, 
at  others  throwing  it  out  of  its  former  position.     It  is  in  tiie  neighbour- 

'  hood  of  these  dykes  and  troubles^  as  they  are  called  by  the  miners,  that 
immense  quantities  of  carbyretted  hydrogen  gas  are  frequently  evolv- 
ed, though  the  coals  themselves,  and  the  cavities  in  the  strata,  also 
yield  it ;  it  constitutes  ihe  fire-damp  of  the  mines  ;  and  when  it  has  any 
where  collected  so  as  to  constitute  more  than  y\  of  the  volume  of 
atmosphere,  it  becomes  explosive  whenever  a  flame  is  presented  to  it, 
and  the  source  of  such  dreadful  destruction,  that  the  mind  reeoilsfirom 
the  recital.  Formerly  the  miners,  in  these  dangerous  ^tnatioos, 
availed  themselves  of  the  light  obtained  by  the  collision  of  flint  and 
steel,  which,  however,  was  by  no  means  free  from  danger,  and  has  been 
completely  superseded  by  Sir  Humphry  Davy's  safety  lamp. 

3009.  Another  substance  which  very  often  attends  coal  formations, 
is  argillaceoui  iron-stone,  both  in  layers  and  nodules  ;  and  although  a 
TikL^**  ^^  ^^^^'  ^^^^  seldom  yielding  more  than  30  per  cent,  of  metal, 
It  becomes,  from  its  association  with  coal  and  limestone  (substances  re- 
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paired  for  its  reduction),  a  most  important  natural  product ;  it  is  the 
main  source  of  the  enormous  quantities  of  iron  manufactured  in  this 
country ;  and  the  history  of  the  various  difficulties  which  have  been 
surmounted  in  completing  the  processes  of  its  reduction,  presents  an 
unrivalled  picture  of  skill,  ingenuity,  and  perseverance  (725). 

3010.  Leaving  the  districts  o£  red  sandstone  and  red  marl,  we  ob- 
serve a  change  in  the  general  aspect  of  the  country.  There  are  no 
steep  or  abrupt  precipices :  the  hills  assume  a  more  picturesque  and 
luxuriant  character,  and  the  rugged  features  of  primary  country,  are 
here  softened  down  into  gentle  slopes  and  verdant  plains. 

The  rocks  which  now  occur  are  chiefiy  varieties  of  limestone  and 
Bandstone,  particularly  prolific  in  organic  remains ;  among  them  we 
discern  a  number  of  species  of  which  no  living  semblance  is  now  in 
existence. 

Corals,  zoophytes,  ammonites,  belemnites,  nautili,  and  a  variety  of 
other  fossil  remains,  are  found  in  the  akgillaceoits  limestones,  which 
succeed  in  position  to  the  red  sandstone,  and  which  are  oAen  called 
TBfhite  and  bltte  lias  limeitone.  The  coast  of  Dorsetshire,  between 
Weymouth  and  Lyme,  presents  a  very  interesting  section  of  these 
strata ;  and  their  continuation  through  the  country  is  well  entitled  to 
the  notice  of  the  geologist.  They  decompose  into  marl,  and  furnish 
an  ingredient  in  the  best  water-cements.  Sometimes  they  are  of  a  pe- 
culiar yellow  colour,  and  contain  magnesia,  when  the  fossil  remains 
are  less  frequent. 

301 1.  These  strata  are  succeeded  by  a  species  of  stone,  of^en  called 
Bath'Stone^  from  its  abundant  occurrence  in  the  vicinity  of  that  city, 
and/ree«<ofi«,  or  oolite,  of  which  Portland-sUme  is  a  notorious  variety. 
There  then  commonly  occur  various  sandstones,  with  veins  of  chert 
and  oxide  of  iron  ;  and,  lastly,  we  arrive  at  chalk,  and  superincum- 
bent alluvial  matter. 

3012.  The  examination  of  the  fossil  remains  in  these  strata,  leads 
to  conclusions  of  much  interest  and  importance.  In  the  strata  upon 
the  coast  of  Dorsetshire,  below  the  chalk,  we  find  the  remains  of  an 
animal,  which  has  generally  been  regarded  as  a  crocodile,  or  allegator*, 
but  there  are  no  fossil  relics  of  mammiferous  land  animals,  either  here, 
or  in  the  chalk  itself;  whence  it  has  been  concluded,  that  oviparous 
quadrupeds  are  of  more  ancient  date  than  those  of  the  viviparous  class, 
and  that  dry  land  and  fresh  water  existed  before  the  formation  of 
our  present  chalk.  In  the  vicinity  of  Paris  the  chalk  i^  covered  by  a 
coarse  shell  limestone,  in  which  the  bones  of  mammiferous  sea  animals 
have  been  found  by  Cuvier ;  but  no  bones  of  mammiferous  land  quad- 
rupeds occur,  till  we  reach  the  more  recent  and  superincumbent  strata. 

3013.  The  .cAa/fc  presents  the  geologist  with  much  matter  of  spe- 
culation. In  England  it  is  a  very  abundant  formation,  and  the  round- 
backed  hills  covered  with  verdure  which  mark  the  eastern  counties, 
are  very  chai'acteristic  of  it.  Salisbury  Plain  and  Marlborough  Downs 
form  a<:entre,  whence  the  chalk  emanates,  in  a  north-eastern  direction, 
through  the  counties  of  Buckingham,  Bedford,  and  Cambridge,  and 
terminates  on  the  Norfolk  coast.     In  an  easterly  direction  it  traverses 

•  Sir  Evererd  Home,  in  examining  the  fossil  bones  of  this  animal,  has  thrown  considera- 
ble doubt  upon  i]\e  above  conclusion ;  and,  from  a  peculiarity  in,  the  structnre  of  its  spine, 
resembling  that  o[  (he  proftuSf  has  called  it  proUarrhackiut. 
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Hampshire^  Surry,  and  Kent,  and  terminates  at  Doter  ;  and  another 
arm  passing  throoi^  Sussex,  east  south-east,  forms  the  Sooth  Downs, 
and  the  loHy  promontory  of  Beachy  Head.  Parallel  ridges  of  sand- 
stone generally  accompany  the  chalk,  and  in  Wiltshire,  Berkshire,  and 
some  other  counties,  large  blocks  of  granular  siliceous  sandstone  lie 
scattered  upon  its  sur&ce ;  of  these  the  celebrated  dmidicaJ  relics, 
called  Sumehenge^  appear  to  hare  been  constructed,  with  the  ezceptfon 
of  one  of  the  blocks,  which  is  of  greenstone.  The  lower  be4^  (^ 
chalk  are  generally  argillaceous,  or  marly,  and  contain  no  flints,  and 
few  organic  remains.  The  upper  beds  abound  in  fossil  relics,  of  the 
kinds  before  alluded  to,  and  in  flints  sometimes  regularly  arranged  in 
distinct  nodules,  at  other  times  remarkably  intersecting  the  chalk  in 
thin  seams.  The  formation  of  flint  has  been  much  speculated  opofi, 
*   but  no  plausible  theory  has  yet  been  adduced  in  regard  to  it. 

3014.  In  the  south  of  England  the  chalk  is  covered  with  grarel  and 
clay,  the  hbtory  of  which  is  extremely  curious,  on  account  of  the  fas- 
sils  which  they  contain,  and  the  evidence  they  afford  of  repeated  inun- 
dations of  salt  and  fresh  water  upon  the  same  spot.  There  are  two 
celebrated  concavities  filled  with  such  materials  which  havebeea  call- 
ed the  London  and  the  Isle  of  Wight  Basins.  The  former  is  bounded 
by  the  chalk-hills  proceeding  from  Wiltshire  to  the  south  of  the  Kent- 
ish coast,  in  one  direction,  and  to  the  northern  point  of  the  Norfolk 
coast  in  another  ;  and  it  is  open  to  the  ocean  upon  the  Essex,  Suffolk, 
and  Norfolk  coasts,  which  show  sections  of  its  contents. 

The  numerous  wells  which  have  been  dug  in  the  neighbourhood  of 
London,  and  the  canals,  tunnels,  and  other  excavations  and  public 
works  which  have  been  carried  on,  have  lately  made  us  acquainted 
with  many  curious  facts  respecting  the  contents  of  this  basin. 

It  deserves  remark,  that  all  the  bones  of  viviparous  land  quadru- 
peds have  either  been  found  in  the  uppermost  fr^h  water  deposits,  or 
in  those  alluvial  formattons  of  the  ocean,  which  appear  to  have  been 
the  result  of  violent  transportatioAs  of  nmteriala,  r^i^ier  than  of  quiet 
.  depositions ;  so  that  it  is  probable  these  animals  began  to  exist  during 
that  state  of  the  world  which  preceded  the  last  inundation  of  the  sea. 

The  palaotheriai,anaploth€ria^  and  other  unknown  genera  describ- 
ed by  Cuvier,  are  found  in  the  lowest  parts  of  the  upper  fresh-water 
formation,  placed  immediately  under  the  upper  marine  formation. 
Some  oviparous  quadrupeds  and  fresh-water  fish  are  found  along  inth 
them,  and  they  are  covered  by  alluvial  deposits,  containing  marine 
relics. 

The  unknown  or  extinct  species  belonging  to  known  genera,  such  as 
the  maitodon^  elephant ^.hippopotamu$  and  r^tiocerof,  are  never  asso- 
ciated with  the  more  ancient  or  extinct  genera,  but  are  discovered 
usually  in  the  sea-water  deposits ;  and  the  bones  of  species  resembliog 
those  that  now  exist,  ave  found  upon  the  sides  of  rivers,  or  in  the  bot- 
toms of  ancient  lakes  and  marshes,  or  in  peat-bogs,  or  in  caverns  aod 
fissures  of  rocks  ;  and,  in  consequence  of  their  superficial  situatioD, 
they  are  generally  much  injured. 

3016.  Of  a  very  singular  and  important  series  of  rocks,  I  have  yet 
made  no  mention.  They  occur  indiscriminately  in  primary  and  se- 
condary countries,  and  are  not  less  varied  in  their  characters  and  as- 
pects, than  in  their  situation.  These  are  the  trap-rocks  of  the  Wer- 
nerians,  and  the  whinstone$  of  Dr.  Hutton.  They  include  the  rotks 
called  ORKENSTovCy  BASALT,  AMTGDALoiD,  aud  TOAOSTONE,  and  are'dii- 
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tiogQifllied  into  primary,  transition,  and  floetz  traps,  by  the  school  of 
Freyburgh. 

By  the  term  greenstone,  we  mean  a  compound  of  hornblende  and 
feldspar,  differing  extremely  in  its  appearance,  being  sometimes  so  fine 
grained  as  to  appear  homogeneous  ;  at  other  times  presenting  distinct, 
and  oAen  large,  crystals  of  hornblende.  Basalt  is  sdways  a  homogene- 
ous rock,  and  abounds  in  black  oxide  of  iron.  Its  cavities  are  often 
filled  with  calcareous  spar,  zeolile,  and  agate  nodules. 

Greenstone  is  met  with  in  many  parts  of  England  immediately  upon 
granite  and  primary  rocks ;  and  it  assumes  the  character  of  its  neigh- 
bours, breaking  into  large  blocksiand  masses  of  very  irregular  appear- 
ance. In  this  state  it  is  seen  in  Cornwall,  at  the  Lizard-Point.  (Jpon 
the  north  side  of  the  Welsh  mountains,  a  chain  of  greenstone  follows 
the  slate,  which,  in  some  places,  is  columnar,  as  upon  Cader  Idris,  and 
it  forms  a  singular  concavity  near  the  summit  of  that  mountain,  very 
like  the  crater  of  a  volcano.  In  Derbyshire  these  rocks  are  among 
the  transition  series  of  Werner.  They  form  strata,  and  fill  cavitie»  in 
the  limestone.  In  coal-fields  they  constitute  dykes,  or  veins ;  and, 
omong  the  newest  and  secondary  strata,  they  are  seen  in  sandstone  jat 
Edinburgh,  and  upon  the  coast  of  Antrim  they  are  incumbent  iipi^, 
and  alternate  with,  chalk.    The  annexed  wood-cut,  taken  from  a  sketch 
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by 'Dr.  Mac  CuUoch,  engraved  in  the  Geological  Transactions,  Vol.  iii., 
represents  a  remarkable  dislocation  occurring  at  Gow's  Bridge,  in 
Glentilt,  in  Scotland,  of  the  schistose  strata  by  the  black  mass  of  horn- 
blende rock,  which  also  contains  an  embedded  mass  of  marble. 

3016.  The  comi^pn  observer,  to  whom  a  piece  of  basalt  is  presented, 
would  presently  announce  it  to  be  the  produce  of  a  volcano,  and  the 
analogy  between  it  and  lava  is  most  striking.  This  alone  would  justify 
us  in  concluding,  that  whinstone  is  the  produce  of  fire.  But  the  Hut- 
tonian  hypothesis,  as  applied  to  its  origin,  becomes  much  more  satisfac- 
tory, when  we  contemplate  the  effects  produced  upon  the  strata  into 
which  it  has  been  thrown,  or  upon  the  substances  in  its  vicinity.     Thus 
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thcf  sandstone  of  Salisbury  Craigs,  near  Edinburgh,  is  broken,  indorain!. 
and  even  apparently  fused  by  its  irruption.  The  sofl  white  limestOM 
of  the  county  of  Antrim,  where  in  contact  with  the  basaltic  dyke,  h 
hardened  and  rendered  crystalline,  iike  marble  and  calcareous  spar ; 
and  the  coal  in  the  same  county  is  coaked,  as  it  were,  where  toucbed 
by  the  whinstone.  At  the  same  time,  the  dykes  themselTes  bear  efi- 
dent  marks  of  igneous  fusion.  They  are  more  regularly  crystallixed 
in  the  centre  than  upon  the  surfaceman  effect  which  may  be  weU  re- 
ferred to  the  different  rates  of  cooling,  in  the  melted  mass,  and 
which  may  even  be  imitated  artificially  with  the  slag  of  an  iron  fur- 
nace. « 

Perhaps  the  most  remarkable  phenomenon  concerning  basalt,  is  its 
occasional  columnar  structure,  an  appearance  which  lara  sometimei 
assumes.  Upon  this  subject  Sir  James  Hall's  experiments  are  of  ex- 
treme interest ;  and,  when  conjoined  with  those  of  Mr.  Watt,  produce 
a  further,  and,  indeed,  almost  irresistible  evidence  in  farour  oftbeig- 
neous  origin  of  basalt. 

3017  In  accounting  for  the  humid  origin  of  basalt,  the  Neptunisti 
refer  to  the  columnar  cracking  of  clay,  mud,  starch,  4re.,  during  dry- 
ing ;  and  in  this  they  fancy  an  analogy  to  basaltic  columns  ;  but  m  th^ 
cases,  there  are  always  chasms  and  vacuities  produced  by  the  sbrinkiDg 
of  the  mass  ;  whereas  the  columns  of  basalt  are  so  closely  connected, 
that  the  thin  blade  of  a  knife  can  scarcely  be  thrust  between  them. 
Upon  the  whole,  the  Huttonian  theory  may  be  considered  as  no  where 
more  free  from  objections,  than  where  it  applies  to  basalt ;  while  the 
hardening,  contortions,  and  breaking  of  the  strata  by  whin  dykes,  and 
the  numerous  analogies  of  basalt  and  lava,  are  to  the  Neptanians  para- 
dozes  which  admit  of  no  solution. 

3018.  Of  columnar  basalt,  the  British  dominions  present  the  noblest 
specimens  in  the  known  world.  Upon  the  coast  of  Antrim,  in  Ireland, 
massive  and  columnar  basalt  is  seen  in  all  its  varieties,  the  former 
abounding  in  deep  and  lof\y  caverns,  the  latter  presenting  various  &• 


^ades  to  the  ocean.  The  Giant's  Causeway,  a  small  part  of  which, 
with  the  neighhouring  coast,  is  shown  in  the  ahove  wood-cut,  consists 
of  yiree  piers  of  columns,  which  extend  some  hundred  feet  into  the 
aea.  It  is  surrounded  by  precipitous  rocks,  from  two  hundred  to  four 
hundred  feet  high,  in  which  there  are  several  striking  assemblages  of 
columns,  some' vertical,  some  bent  or  inclined,  and  some  horizontal, 
and,  as  it  were,  dhven  into  the  rock.  Biengore,  which  bounds  the 
Causeway  on  the  east,  consists  of  alternate  ranges  of  tabular  and  mas- 
sive, with  columnar  basalt.  But  amongst  the  various  and  grand  objects 
on  this  coast,  Pleskin  is  perhaps  the  most  striking ;  it  presents  several 
colonnades  of  great  height  and  regularity,  separated  from  each  other  by 
tabular  basalt ;  and  afFairhead  there  is  a  range  of  columns  of  from  10 
to  20  feet  in  diameter,  and  between  200  and  300  feet  high,  supported 
upon  a  steep  declivity,  and  forming  a  terrace  which  towers  nearly  600 
feet  above  the  waves  beneath.  He  who  would  really  see  the  sublime 
should  visit  this  stupendous  promontory. 

Another  basaltic  district,  which  i  am  inclined  to  regard  as  exceeding 
the  former  in  magnificent  peculiarities,  is  that  which  presents  itself  in 
sailing  down  Loch-Nagaul,  in  Mull,  towards  the  Isle  of  Tiree.  The 
coast  of  Mull,  upon  the  right  imd  left,  exhibits  the  step-like  appearance 
of  basaltic  rocks  in  great  perfection,  and  has  fine  caverns  and  columns ; 
the  islands  of  Ulva  and  Gometra  rise  with  the  abrupt  and  irregular  pre- 
cipices common  to  this  formation.  The  Treshamish  Isles  exhibit  co- 
lonSnar  and  massive  basalt,  and  in  the  midst  of  this  curious  panorama, 
Stafia  presents  itself.  The  columns,  which  are  from  30  to  50  feet  high*, 
are  approached  by  a  fine  causeway,  rising  gradually  from  the  4eep,  and 
they  appear  to  support  an  immense  weight  of  tabular  basalt.  The  pil- 
lars are  perpendicular,  inclined,  and  in  places  extremely  curved ;  and 
in  the  Cave  of  Fingal  the  ranges  of  columns  extend  in  long  perspective 
into  the  interior  of  the  rock,  presenting  a  scene  of  such  unrivalled 
nandeur,  as  hitherto  to  have  foiled  all  attempts  of  the  poet  to  describe, 
or  of  the  painter  to  represent  The  wood-cut  at  the  head  of  the  next 
Section,  copied  from  Dr.  Mac  CuUoch's  sketch,  represents  the  Cause- 
way and  entrance  of  the  Cave. 


•  See  Dr.  Mac  Cff t wa't  iVwr^liow  ^  tt«  ITeilirn /^^ 


4J- 


610 


METALLIC  TEIN8. 


SccTioN  IV.     (H  MttaXlie  Fein».'--Of  the  QtnenU  Qnue$  of  tlu  Dt- 
coflyonlton  ofRoeki, — Cf  FoUomou:  andof  the  Audjfm of  &nU. 

3019.  BcsiPES  Uie  Teins  of  lapideout  substances,  the  fissues  fiQed 
#ith  debris  and  rabbbh,  the  dykes,  the  beds  of  stlt,  and  the  fidds  of 
coal,  there  are  diffused  through  tibe  strata  a  Yuietj  of  other  fereasurei, 
among  which  the  metals  are  of  the  utmost  interest  and  kaportaooe. 
Bj  the  tctm  Mineral  Fiem,  we  mean  a  sepantioo  in  the  cootiowtj  of  j^ 
rock  of  determinate  width,  but  eztendti^  indefinitely  in  length  and 
depth,  filled  with,  metallic  ores,  and  crystalline  flaVnlUKces,  Mehng 
from  the  rock  itself. 

Nearly  all  rocks  are  occaaiondly  thus  trarersed,  but  the  noddle  se- 
ries 'are  those  in  which  metals  are  most  abundant  In  CornwaU,  for 
instance,  tin  occurs  both  in  the  granite  and  slate  ;  but  it  is  nost  abun- 
dant in  the  latter,  and  the  rein  occasionally  runs  between  the  two  rocks, 
so  that  one  wall  consists  of  granite,  and  (he  other  of  date.  The 
metal  is  often  separated  from  the  rock  by  thin  layers  of  d^,  oi  of 
stony  materials,  called  Dtade^  which  also  intermix  with  the  ore,  and 
'  form  its  ga$igne  or  mairix. 

3020.  The  richest  metaUic  veins  run,  without  exception,  east  aii4 
west.  Those  which  run  north  and  south  being  usually  filled  iiith  sto- 
ny materials.  The  latter  veins  appear  of  posterior  date  to  the  former, 
for  they  often  intersect  them  throwing  them  out  of  their  regular  course ; 
generaUy  a  few  inches  only  east  and  west,  but  many  fiithoms  north  sod 
south.  These  crou  courtet  often  interfere  with  the  treasures  of  the 
metallic  vein,  though,  when  solid,  they  are  sometimes  of  great  service 
in  keeping  out  water.  ^ 

_  3021.  The  extent  to  which  veins  may  be  pursued,  is  eztremelj  va- 
lions,  and  depends  much  upon  accidental  circumstances.  Sometimes  a 
cross  course  cuts  the  vein,  and  puts  an  end  to  the  miner's  hopes,  be 
being  unable  to  discover  its  continuation  afler  such  interruption ;  some- 
times the  depth  of  the  vein  becomes  so  great,  that  it  cannot  be  prodeot- 
ly  pursued ;  sometimes  a  rich  lode  of  metal  suddenly  disappears,  or 
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vaaishes  into  thin  strings,  which,  though  often  quite  lost,  oectAionally 
reunite  into  a  good  vein,  or  bunch  of  metal.  So  that,  taking  all  these 
circumstances  into  account,  between  two  or  three  miles  is  usually  the 
utmost  extent  to  which  a  vein  has  been  pursued*. 

3022.  Veins  Vary  in  width,  from  an  inch  or  two,  to  30  or  40  feet 
bat  the  middle-sized  veins  are  usually  most  proUfic,  the  larger  becom- 
ing relatively  poor.     The  influx  of  water  was  formerly  an  insuperable 

^impediment  to  the  pursuit  of  a  vein,  and  remains  now  a  serious  and 
expensive  obstacle  to  mining.  Formeriy  many  veins  in  Cornwall  were 
only  worked  for  tin,  which,  at  greater  depths,  have  lately  yielded  abun- 
dance of  copper  ;  but  in  Cornwall  copper  is  never  found  without  water, 
and  all  the  mines  of  that  metal  require  drainage  by  engines,  or  other 
means. 

3023.  Concerning  the  original  formation  of  metallic  veins,  there  has 
been  considerable  collisfon  of  sentiment  among  geologists ;  but  two 
circumstances  seem  sufficiently  obvious ;  one,  that  they  are  of  later 
date  than  the  containing  strata,  that  they  are  not  contemporaneous ; 
a^sd  the  other,  that  their  contents  have  been  in  a  fluid  state.  The 
former  position  is  indicated  by  their  intersecting  difierent  strata  ;  the 
latter,  by  the  crystalline  forms  of  the  substances  they  contain.  The 
Neptunians  tell  us  that  veins  have  been  filled  by  metallic  and  lapideout 
solutions  flowing  in  from  above,  but  they  do  not  inform  us  of  the  ba« 
lure  of  the  solvent  which  held  the  different  bodies  they  present ;  nor 
can  we  guess  why  its  contents  are  deposited  exclusively  in  the  vein, 
and  not  found  upon  the  adjacent  surface. 

3024.  The  Plutonists  consider  veins  as  filled  from  below,  by  the 
injection  of  matters  in  igneous  fusion;  and  in  the  shifting,  breaking,  and 
dislodgement  of  the  strata,  they  read  the  fi>rce  with  which  these  ope- 
rations have  been  performed.  The  validity  of  hypotheses  is  only  to 
be  estimated  by  their  accordance  with  facts ;  and  although  there  be 
many  inexplicable  phasnomena  attending  metallic  veins,  yet  the  nature 
of  their  contents  is  such  as  to  favour  the  igneous  hvpothesis,  and  to  lead 
to  the  belief  that  fire,  not  water,  has  been  the  grand*  solvent  of 
which  nature  has  here  availed  herself.  That  the  metals  have  passed 
from  the  fluid  to  the  solid  state,  seems  sufficiently  obvious,  from  their 
crystalline  form ;  and  it  is  much  more  probable  that  they  should  have 
been  liquefied  by  heat  than  by  any  other  solvent. 

Sulphur  is  very  commonly  found  united  to  metallic  bodies,  and  the 
greater  number  of  metallic  ores  contain  that  element.  Such  com- 
pounds are  easily  produced  by  the  artificial  agency  of  fire,  but  with 
great  difficulty  by  any  other  process. 

3025.  A  very  curious  fact  in  the  history  of  veins  is,  that  they  are  of 
difierent  dates,  for  one  vein  often  intersects  another,  and  we  are  thus 
enabled  to  judge  of  their  relative  ages.  In  the  county  of  Cornwall, 
one  of  the  richest  mining  diitricts  of  the  world,  we  observe  some  re- 
markable circumstances  of  this  kind.  Where  a  copper  and  a  tin  vein, 
for  instance  meet,  the  fol^mer  always  cuts  through  the  latter,  and  ge- 
nerally throws  it  out  of  its  9ld  course,  greatly  to  the  distress  of  the 
miner,  who  sometimes  cannot  find  its  continuation,  or  at  least  is  put  t9 


•  Sm  a  valaaMe  p^per  on  the  reint  iff  CornwaU,  by  Mr.  W.  Phfflfpi.    Qto^  T'oM. 
Vol.  ii,  and  also  anaeied  to  hif  SdgcHon  of  fkdsi 
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moch  mteuitj  and  expense  to  do  so.  It  appears,  tberefere,  tbrt  tii 
veins  tre  invariably  older  than  those  of  copper.  Sometimes,  as  k 
Derbyshire,  the  metallic  ores  lie  in  large  longitadinal  cayities,  called 
ptjM  veuu. 

3026.  In  searching  for  veins  of  the  asefiil  metals,  there  are  ceitiia 
indications  oi  which  the  experienced  miner  sometimes  profitably  avaik 
hiBBeelf.  Thus,  a  green  earthy  matter  is  a  good  symptomin  a  tin  mioe ; 
a  brown  ochrey  earth,  and  compact  iron  pyrites,  are  regarded  »&« 
vonrable  omens  in  a  copper  mine. 

Detached  pebbles  of  ore,  or  fragments  of  vein-stones,  have  aoine- 
times  led  to  the  riches  of  the  vein,  and  tin  has  especially  been  (boa 
discovered  in  Cornwall. 

In  older  mineralogical  works  we  read  much  upon  these  and  otiier 
•abjecls.  Flames  oflight  have  been  described  as  playing  o?er  a  dii- 
trict  which  afterwards  has  been  found  to  contam  sabterraneaD  ncbet, 
and  this  may  have  arisen  from  the  good  electrical  conducting  poiren  of 
the  vein.  The  waters  issuing  from  the  soil  sometimes  hold  metelUc 
salts  in  solution,  and  repositories  of  the  metals  have  been  discovered 
by  circumstances  of  this  kind.  Copper  veins  tii^  waters  bhe,  and 
a  piece  of  grease  put  into  them  becomes  rapidly  stained  of  that  co- 
lour. 

There  is  no  popular  notion  more  common  than  that  metals  grow  in 
the  veins :  an  idea  which  may  very  probably  have  originated  from  ob- 
serving the  depositions  of  on\i  metal  by  the  introduction  of  another 
into  its  solution,  as  when  silver  is  precipitated  by  the  introdoction  of  a 
plate  of  copper  into  its  solution,  or  copper  by  iron. 

3027.  Districts  rich  in  the  metals  are  generally  barren,  and  seem 
peculiarly  dreary  and  desolate  to  the  traveller.  Tbia  partly  arises 
from  the  nature  of -the  strata  ;  partly  from  the  heaps  of  rubbish  and 
hills  of  stone  thrown  upon  the  surface  :  and  partly  {ran  the  operatioos 
carrying  on  in  the  vicinity,  being  inimical. to  vegetation.  The  big^ 
road  through  Cornwall,  especially  near  Redruth,  is  an  excellent  spe- 
cimen of  this  kind  of  country ;  while,  at  the  same  time,  the  romantic 
beauty  and  luxuriant  vegetation  of  many  parts  of  that  coun^,  and  of 
Devonshire,  prove  that  exterior  cultivation  is  not  always  incompatible 
with  internal  riches.  The  neighbourhood  ^of  the  Parys  Mountain,  in 
Anglesea,  is  singularly  marked  by  sterility  and  Roominess.  The  soil, 
naturally  unproductive,  is  rendered  more  so  by  the  poisonous  waters 
that  traverse  it,  and  the  sulphurous  vapours  that  float  around.  There 
are  not  only  no  shrubs  and  trees,  but  the  barrenness  is  unrelicTedeTcn 
by  a  smgle  blade  of  grass,  or  the  rusty  green  of  a  hardy  lichen. 

3028.  I  have  hinted  above  at  the  relative  permanence  and  dorabiiity 
of  the  difierent  kinds  of  rocks,  and  it  has  been  found  that  the  unstnti- 
ned,  or  primary,  substances,  are  least  acted  upon  by  the  elements ; 
that  these  have  retamed  their  great  and  pristine  elevation,  while  the 
secondary  strata  have  been  washed  from  their  sides  and  summits,  whose 
Tugged  and  abrupt  outline  records  this  devastation.  Eveir  one  who 
views  the  mountain  side  strewed  with  immense  blocks  of  materiali 
tewMported  from  distant  summits,  and  discovers  the  dells  and  valleys 
filled  with  fragments  and  pebbles  of  the  neighbouring  rocks,  willaUow 
TOt  a  constant  system  of  disintegration  and  decay  is  here  carrying  on  j 
w  the  geologist,  not  content  with  the  mere  observance  of  the  feet, 
^ju^ndeavour  to  trace  it  to  its  source,  and  foUow  it  up  to  its  ultimate 
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3029,. The  change  of  temperature  to  which  the  earth's  snrfiice  is 
constantly  submittea,  is  one  great  cause  of  the  slow  destraction  of  its 
most  solid  and  dnrable  constitaents  ;  and  when  to  this  is  added  the  gi- 
gantic power  with  which  water,  in  becoming  ice,  opposes  the  obstacles 
to  its  expansion,  we  have  an  agent  nearly  resistless.  The  fissures  that 
occur  between  the  blocks  and  masses  of  the  granites,  porphyries,  and 
similar  rocks,  become  filled  with  water,  which,  in  the  act  of  freezing, 
expands  so  as  slowly  to  remove  them  from  each  other ;  their  edges 
and  angles  become  thus  open  to  the  attacks  of  the  weather,  and  by  a 
slow  dislodgement  they  fiJl  into  the  valleys  or  riyers,  or  are  at  once 
cast  into  the  ocean.  Where  the  materials  are  of  a  more  yielding  and 
frangible  texture,  this  destraction  is  proportionally  rapid,  and  the  in- 
fluence of  the  weather  upon  slate  mountains,  is  often  such  as  to  pro- 
duce hills  of  fragments  at  their  feet :  the  softer  substance  of  the 
secondary  and  horizontal  strata  is,  of  course,  yet  more  easily  and 
quickly  degraded. 

3030.  Masses  of  rock,  thus  loosened  from  their  oiiginal  beds,  be- 
eome  new  and  powerful  instruments  of  destruction ;  they  roll  down 
the  prjecipices,  wearing  themselves  and  the  surfiice  that  bears  them, 
and,  if  near  the  sea,  or  carried  thither  by  rivers,  they  become  **  a 
part  of  the  mighty  artillery  with  which  the  ocean  assails  the  bulwarks 
of  the  land ;"  they  are  impelled  against  thd  coasts,  from  which  they 
break  off  other  fragments :  and  the  whole  thus  ground  ligainst  each 
other,  whatever  be  their  hardness,  are  reduced  to  gravel ;  the  smooth 
wirface  and  rounded  masses  of  which  are  convincing  proofs  of  the 
manner  in  which  it  was  formed. 

3031.  It  is  by  operations  of  this  kind,  not  performed  in  a  day,  but  in 
ages,  that  nature  has  indented  and  carved  out  the  earth's  surface; 
that  the  rivers  seem  to  have  cut  their  own  beds ;  that  the  land  is  under- 
going gradual  demolition  ;  and  that  the  materials  which  we  have  else- 
where, considered  as  consolidated  at,  and  elevated  from,  the  bottom  of 
the  ocean,  are  gradually  restoring  to  the  parent  deep.  These  are  me- 
chanical agents,  but  they  are  not  unassisted  by  the  chemical  energies  of 
matter ;  and,  in  (his  respect,  the  solvent  powers  of-  water  may  be  con^- 
templated  as  effecting  most  important  changes. — ^Kidd's  £sMiy,  p.  191. 

3032.  By  impregnation  with  carbonic  acid,  water  acquires  a  great 
solyent  power  over  carbonate  of  lime  (642,)  and  in  trickling  throng^, 
each  strata  becomes  saturated  with  it,  and,  on  exposure,  again  deposits 
it,  in  consequence  of  the  escape  of  the  gaseous  solvent ;  it  is  thus  that 
the  stalactiticd  concretion^  of  limestone  caverns  are  produced,  as  in 
the  Fluor  Mine,  and  Peak  Cavern  of  Derbyshire ;  and,  in  many  cases, 
the  once  empty  chasms  are  entirely  choiedLed  up  by  this  sparry  de- 
posit. The  power  of  incrustation,  thus  possessed  by  some  waters,  is 
sach  as  rapidly  to  cover  extraneous  bodies  thrown  into  them  with  a 
calcareous  coating,  of  which  the  petrifying  spring  of  Matlock  fiimishes 
a  good  example. 

3033.  The  sands  upon  fiat  coasts  are  sometimes  agglutinated  by  this 
action  of  water,  so  as  to  produce  a  new  rock ;  or,  as  the  Wemerians 
would  call  it,  a  new  formation.  This  has  probably  been  the  case  with 
the  atone  in  which  the  galibi^  or  h^man  skeletons  of  Guadeloupe,  are 
foand  {PhiL  Trans.  1816,)  and  the  process  is  constantly  going  on  upon 
the  coast  of  Cornwall,  in  the  parish  of  St.  Columb,  where  the  water, 
luiying  percolated  the  neighbouring  rocks,  becomes  slightly  carbonated 
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asd  femgboas*  and  Unit  eerring  aa  a  cement  to  the  sand,  producci  i 
hard  atooe»  which  ia  aaed  aa  a  building  material,  and  for  making  catde- 
trongjba.  In  the  walla  of  some  of  the  oldest  churches  in  CarawaD,  m 
ID  St  Borian,  Gwithian,  Crantock,  Cubert,  <|rc.,  are  large  masses  of 
this  $m»dstcmef  which  has  thus  long  resisted  decomposilioD.  Whea 
water  is  hot«  and  sb^^j  alcaline,  it  dtssoWes  siliceous  earth,  as  abown 
by  the  depoaits  of  the  Gmers,  or  Boiling  Fountaina  of  Iceland. 

5054.  Some  rocka  suffer,  in  consequence  of  the  action  of  air  sad 
water  upon  the  black  oxide  of  iron  which  they  contain,  and  which,  in 
passing  into  the  state  of  brown  osude,  occasions  a  crmnbliqg  of  the 
flttaa.  Much  of  the  soil  upon  the  coast  of  the  county  of  Antriai,  is 
Irelaond,  is  thus  deriyed  from  the  decomposition  of  b«s^  which,  how- 
€Ter,  in  other  cases,  singularly  resists  change,  as  in  Stafia,  where  the 
columns,  though  exposed  to  the  Tiolence  of  the  ocean,  retain  a  sharp 
ahgulari^  and  Uack  colour.  These  differences  depend  upoa  the  de- 
gree of  induration  of  the  basalt. 

3096.  Rocka  containing  alcali  seem  often  to  deeompase  rspidlj,  in 
eonaequence  of  the  loss  of  that  ingredient.  The  f|uifck  &inte|^adon 
of  much  of  the  Corniah  granite  is  well  known,  and  it  IbnushestT^ 
able  material  for  the  manufiicture  of  pottery.  The  leldspar  of  thii 
granite  containa  a  consideraUe  portion  of  potasaa,  but  the  white  eardi 
into  which  it  ia  resolyed  yields  no  traces  of  it. 

3036.  The  chemical  agencies  of  different  bodies  presented  ta  sack 
ether  in  the  strata,  are  also  often  connected  with  the  production  of  en- 
tire new  substances.  Thus  the  decomposition  of  pyrites  in  chalk  pro- 
duces  sulphate  of  lime  ;  in  aluminous  slate  it  girea  rise  to  the  produc- 
tion of  alum ;  and  in  the  clifis  at  Newhayen,  an  the  Sussex  coast,  a 
Tery  curious  series  of  changes  is  going  on.  A  stratum  of  marl,  con- 
taining decomposiqg  pyrites,  lies  upon  the  chalk,  which  gires  rise  to 
the  formation  of  sulphate  of  alumina ;  this  is  decomposed  by  ^  chalk ; 
and  aluminous  earth,  selenite,  and  oxide  of  iron,  are  the  resulti. 

3037.  Thus,  by  mechanical  operations  and  chemical  changes,  some- 
times  separate  and  sometimes  united,  the  rugged  peaks  and  abrupt 
precipices  are  gradually  wearing  and  softening  down,  and  giring  riee 
to  rounded  aumsnits,  gentle  alopes,  and  habitable-  aui6ces»  The  de- 
tritus So  produced  is  carried  by  rills,  and  brooks,  and  riyeis  towards 
the  low  tends,  where  it  is  deposited ;  or  it  ia  transported  tswards  the 
sea,  where  it  forms  bars  and  islands  at  the  moutha  of  riven ;  or  it  is 
employed  in  levelling  uneven  surfeces,  and  filling  carrities  and  baans, 
aa  where  the  riyers  are  bn^en  in  their  course  by  the  intervention  of 
lidces,  all  of  which  are  filling  up,  as  may  be  leaned  even  by  baa^  in- 
apection.  This  is  no  where  more  conspicuous  than  in  the  waters  wfaicb 
adorn  the  scenerr  of  Westmoreland  and  Gumberiand,  especially  Der- 
went  Water,  at  the  Borrowdale  extreniity  of  which  the  meadow  is  aa- 
■ually  increasing,  and  adding  to  the  circumjacent  field ;  and  the  ei- 
amination  of  the  bank  between  Derwent  and  Baasenthwaite,  sboai 
that  the  two  lakea  were  once  united,  and  that  the  present  sepaia- 
tion  is  alluvial  matter,  or  a  bar  throvm  up  by  the  concurrent  stresi 
ef  Newland's  Water,  on  the  west,  and  the  Greta  on  the  east  The 
filling  up  of  lakes,  until  they  ultimately  become  merely  a  part  of  the 
river  that  now  traverses,  but  once  fed  them,  is  too  obvious  to  reqoire 
further  illustration  ;  it  is  the  reason  why  the  stream,  wUch  has  its  exit 
from  a  lake,  is  generally  clear,  while  the  torrents  which  supply  it  are 
loaded  with  matters  in  minute  mechanical  division. 
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d(X38.  While  the  destrnctiTe  agencies  of  the  elements  are  thus  call- 
ed into  action  for  the  production  and  increase  of  habitable  sarface,  we 
observe  other  causes  tending  to  the  same  effect,  and  none  more  won 
derfel  than  the  incessant  labours  of  those  insect  tribes  which  coUect 
and  accumulate  solid  matter  from  the  ocean,  and  form  the  rocks  of 
coral  common  in  the  seas  of  warm  climates. — ^Kidd's  Eisay^  p.  219. 

3039.  But  the  most  striking  sources  of  decay  and  reproduction,  are 
^ose  dependent  upon  volcanic  phsBnomena. 

The  form  of  volcanic  hills  is  usually  conical,  of  which  the  outline  of 
the  Bay  of  Naples  presents  a  fine  panorama.  One  of  its  hills  serves 
to  give  some  idea  of  the  vast  powers  of  the  subterranean  agents ;  it  is 
about  1000  feet  high,  and  three  miles  in  circumfeience,  and  was  ndaed, 
ID  1238,  in  a  single  night*. 

3040.  In  June  1811,  a  volcano  was  discovered  m  the  sea  off  St. 
Michael,  and  it  formed  an  island  about  a  mile  in  circamference^— i^7. 
Tram.,  1812. 

3041.  To  describe  die  phasnomena  of  volcanic  eruptions  with  dl 
attending  circumstances,  would  be  foreign  to  our  present  purpose ;  but 
as  the  same  causes  may  have  been  active  in  producing  other  geological 
phasnomena,  it  becomes  right  to  mention  the  subject. 

Until  lately,  the  cause  of  volcanic  fire  was  referred  to  sulphur,  coal, 
and  other  common  inflammable  matters,  which  were  supposed  to  be 
burning  in  immense  masses  within  the  earth,  and  thus  to  give  rise  to 
the  tremendous  explosioDS  and  ejections  of  lava  and  stones  attendii^ 
tiie  eruption ;  but  the  products  ill  accord  with  such  an  eiq^lanatten. 
£aithy,  alcaMne,  metallic,  and  stony  bodies  united,  form  the  kva ;  aad 
«team  and  hydrogen  gas  accompany  its  throwing  forth ;  and  as  the  pro- 
ducts of  combustion  always  have  a  reference  to  the  combustible,  such 
natters  were  not  likely  to  be  produced  from  sulphur  or  coal. 

The  discoveries  of  Sir  H.  Davy  have  enlightened  this,  as  well  as 
every  other  branch  of  chemistry,  aad  from  Uiem  we  may  deduce  a 
Tery  adequate  solution  of  the  problem  of  volcanoes,  for  we  have  only 
to  suppose  the  access  of  water  to  lai|^  masses  of  those  pecidtar  metals 
nvhich  constitute  the  alcaline  and  earthy  bases,  and  we  are  possessed  of 
all  that  is  wanted  to  produce  the  tremendous  effects  of  earthquakes  and 
volcanoes  ;  for  what  power  can  resist  the  expansive  force  of  steam, 
and  the  sudden  evolutioa  of  gaseous  ffuids,  accompanied  by  torrents  of 
the  eardis  in  ^jaeous  fusion,  which  such  a  concurrence  of  droumstaii- 
ces  would  give  ris»  to,  and  which  are  the  actual  concomitants  of  vol- 
canic eruptions  ? 

From  the  same  source  flie  Huttonian  theory  derives  great  addition- 
ad  plausibility,  for  its  feeble  parts  were  those  which  related  to  the  re- 
quired atpansive  forces,  to  the  intense  continuance  of  heat,  to  its  occa- 
aiond  increase  and  decrease,  and  to  the  existence  of  a  species  of  fiiai 
adequate  to  the  various  effects  that  have  been  described.  The  metals 
of  the  earths  are  equal  to  the  production  of  aU  these  complicated  and 
apparently  incompatible  effects,  and  these  and  water  are  the  sole  agents 
required. 

8042.  The  principal  circumstances  that  tend  to  the  forma^on  of 
aoils,  and  to  modiQr  their  composition,  have  been  adverted  to  in  this 
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Chapter ;  tti4«  from  the  properties  of  their  component  parts,  ehi^ 
where  detailed,  the  means  of  analyzing  them  are  to  be  dedaced  ;  hA 
as  this  is  a  sahject  opon  which  the  agricultarist  may  sometimes  find  it 
expedient  to  employ  himself,  I  insert  the  following  popular  instmctiofii 
vpon  it,  from  Sir  H.  Daft 's  Elements  of  AgticuUural  Cftcmtflnr: 

**  In  cases  when  the  general  nature  of  the  soil  of  a  field  is  to  be  as- 
certained, specimens  of  it  should  be  taken  from  different  places,  two  or 
three  inches  below  the  sur&ce,  and  examined  as  to  the  simibritjof 
their  properties.  It  sometimes  happens,  that  upon  plains  the  whok  of 
the  upper  stratum  of  the  land  is  of  the  same  kind,  and,  in  this  case, 
•ne  analysis  will  be  sufficient ;  bat  in  Talleys,  and  near  the  beds  of 
riyers,  there  are  very  great  differences ;  and  it  now  ssad  then  ocean 
that  one  part  of  a  field  is  calcareous,  and  another  part  ailiceoos,-  ami 
•in  this  case,  and  in  analogous  cases,  the  portions  different  fixia  eack 
ether  should  be  separatelr  submitted  to  experiment 

<<  Soils,  when  collected,  if  they  cannot  be  immediately  eumiDed, 
should  be  preserved  in  pliiab  quite  filled  with  them,  and  closed  with 
ground-g^ass  stoppers. 

**  The  quanti^  of  soil  most  convenient  fer  a  perfect  analpi,  is 
from  200  to  400  grains.  It  should  be  collected  in  dry  weifiier,  ani 
exposed  to  the  atmosphere  till  it  becomes  dry  to  the  touch. 

*«  The  specific  gravity  of  a  soil,  or  the  relation  of  its  wei|^  to  th«t 
of  water,  may  be  ascertained  by  introdficing  into  a  phial  which  win  con- 
tain a  known  quantity  of  water,  equal  volumes  of  water  and  of  soil, 
«id  this  may  be  easily  done  bj  pouring  in  water  till  it  is  half  foil,  ni 
thenaddingthesoiltill  the  fluid  rises  to  the  mouth;  the  difference  be- 
tween the  weight  of  the  soil  and  that  of  the  water  will  ^ve  the  result 
•  Thus,  if  the  bottle  contains  400  grains  of  water,  and  gains  iOOgnm 
when  half  filled  with  water  and  half  with  soil,  theapedfic  graritf  of 
the  soil  will  be  2,  that  is,  it  will  be  twice  as  heavy  as  water ;  and  if  it 
gained  166  grains,  its  specific  gravity  would  be  1.E25,  water  being 
1.000. 

**  It  is  of  importance  that  the  specific  gravity  of  a  soil  shouldbeknowi^ 
as.it  aff[>rds  an  indication  of  the  quantity  of  animal  and  vegetable  mat- 
ter it  contains ;  these  substances  being  always  most  abundant  in  die  light- 
er soils. 

"  The  other  physical  properties  of  soils  should  likewise  be  exumn- 
ed  before  the  aiuly sis  is  made,  as  thev  denote,  to  a  certain  extent,  thor 
composition,  and  serve  as  guides  in  mrecting  the  expeiioftenti.  Thus, 
siliceous  soils  are  generally  roug^  to  the  touch,  and  scratdi  ^aas  when 
nibbed  upon  it :  ferrudnous  soik  are  of  a  red  or  yellow  coloor ;  and 
calcareous  soils  are  soft. 

*<  1.  Soils,  though  as  dry  as  they  can  be  made  by  continued  eipo- 
fure  to  air,  in  all  cases  still  contain  a  considerable  quantity  of  water^ 
which  adheres  with  great  obstinacy  to  the  earths  and  animal  and  Tege> 
table  matter,  and  can  only  be  driven  off  from  them  by  a  considerable 
degree  of  heat  The-  first  process  of  analysis  is,  to  firee  the  giTa 
weight  of  soil  from  as  much  of  this  water  as  possible,  without,  in  other 
respects,  affecting  its  composition  ;  and  this  may  be  dene  by  heatiiigit 
fi>r  ten  or  twelve  minutes  over  an  Argand's  lamp,  in  a  basin  of  porce- 
lain, to  a  temperature  equal  to  300  Fahrenheit ;  and  if  a  thennooieter 
is  not  used,  the  proper  degree  may  be  easOy  ascertained  by  keepiog 
a  piece  of  wood  in  contact  with  the  bottom  of  the  dish ;  as  long  as  the 
colour  of  the  wood  remains  unaltered,  the  heat  is  not  too  hi^;  bat 
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vrhen  the  wood  begins  to  be  charred,  the  process  must  be  stopped.  A^ 
Bmall  qaantity  of  water  will  perhaps  remain  in  the  soil  even  after  this 
operation,  but  it  always  affords  useful  comparative  results ;  and  if  a 
higher  temperature  were  employed,  the  vegetable  or  animal  matter 
would  undergo  decomposition,  and,  in  consequence,  the  experiment  be 
wholly  unsatisfactory. 

**  The  loss  of  weight  in  the  process  should  be  carefully  noted,  and 
when  in  400  grains  of  soil  it  reaches  as  high  as  50,  the  soil  may  be 
considered  as  in  the  greatest  degree  absorbent,  and  retentive  of  water, 
and  will  generally  be  found  to  contain  much  vegetable  or  animal  matter, 
or  a  large  proportion  of  aluminous  earth.  When  the  loss  is  only  from 
20  to  10,  the  land  may  be  considered  as  only  slightly  abjsorbent  and 
retentive,  and  siliceous  earth  probably  forms  the  greatest  part  of  it. 

**  2.  None  of  the  loose  stones,  gravel,  or  largf  vegetable  fibres  should 
be  divided  from  the  pure  soil  till  afler  the  water  is  drawn  off:  for  these 
bodies  are  themselves  often,  highly  absorbent  and  retentive,  and,  in 
consequence^  influence  the  fertility  of  the  land.  The  next  process, 
however,  after  that  of  heating,  should  be  their  separation,  which  may 
be  easily  accomplished  by  the  sieve,  after  the  soil  has  been  gently  bruis* 
ed  in  a  mortar.  The  weights  of  the  vegetable  fibres,  or  wood,  and 
of  the  gravel  and  stones,  should  be  separately  noted  down,  and  the  na- 
ture of  the  last  ascertained  ;  if  calcareous,  they  will  effervesce  with 
acids  ;  if  siliceous,  they  will  be  sufficiently  hard  to  scratch  glass  ;  and 
if  of  the  common  aluminous  class  of  stones,  they  will  be  soft,  easily 
cut  with  a  knife,  and  incapable  of  effervescing  with  acids. 

'*  3.  The  greater  number  of  soils,  besides  gravel  and  stones,  <ion- 
tain  larger  or  smaller  proportions  of  sand,  of  different  degrees  of  fine- 
ness :  and  it  is  a  necessary  operation,  the  next  in  the  process  of  ana- 
lysis, to  detach  them  from  the  parts  in  a  state  of  more  minute  division, 
such  as  clayj  loam,  marl,  vegetable  and  animal  matter,  and  the  matter 
soluble  in  water.  This  may  be  effected  in  a  way  sufficiently  accurate, 
by  boiling  the  soil  in  three  or  four  times  its  weight  of  water ;  and 
when  the  texture  of  the  soil  is  broken  down,  and  the  water  cool,  by 
agitating  the  parts  together,  and  then  suffering  them  to  rest.  In  this 
case,  the  coarse  sand  will  generally  separate  in  a  minute,  and  the  finer 
in  two  or  three  minutes,  whilst  the  highly-divided  earthy,  animal,  or 
vegetable  matter  will  remain  in  a  state  of  mechanical  suspension  ibr  a 
muth  longer  time  ;  so  that,  by  pouring  the  water  from  the  bottom  of 
the  vessel,  af\er  one,  two,  or  three  minutes,  the  sand  will  be  principal- 
ly separated  from  the  other  substances,  which,  with  the  water  contain-  • 
ing  them,  must  be  poured  into  a  filter,  and,  afler  the  water  has  passed 
through,  collected,  dried,  and  weighed.  The  sand  must  likewise  be 
weighed,  and  the  respective  qu^tities  noted  down.  The  water  of  lixi- 
viation  must  be  preserved,  as  it  will  be  found  to  contain  the  saline  and 
soluble  animal  or  vegetable  niatters,  if  any  exist  in  the  soil. 

^^4.  By  the  process  of  waishing  and  filtration,  the  soil  is  separated 
into  two  portions,  the  most  important  of  which  is  generally  the  finely- 
divided  matter.  A  minute  analysis  of  the  sand  is  seldoiQ  or  never  ne- 
cessary, and  its  nature  may  be  detected  in  the  same  manner  as  that  of 
the  stones  or  gravel.  It  is  always  either  siliceous  sand,  or  calcareous 
sand,  or  a  mixture  of  both.  If  it  consist  wholly  of  carbonate  of  lime, 
it  will  be  rapidly  soluble  in  muriatic  acid,  with  effervescence ;  but  if  it 
consist  partly  of  this  substance,  and  partly  of  siliceous  matter,  the  res- 
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pecti?e  quantities  may  be  ascertained  bj  weighing  the  reaidanni  a&tr 
the  action  of  the  acid,  which  mnit  be  applied  till  the  mixtnre  has  ac^ 

a  aired  a  sour  taste^  and  has  ceased  to  effenresce.  This  residmun  is 
le  siliceons  part ;  it  mast  be  washed,  dried,  and  heated  atroogljin  a 
cracible ;  the  difference  between  the  weight  of  it,  and  the  weight  of 
the  whole,  indicates  the  proportion  of  calcareous  sand. 

"  5.  The  finely-divided  matter  of  the  soil  is  usually  very  coaqwimd 
in  its  nature  ;  it  sometimes  contains  all  the  four  primitiye  earths  of 
soils,  as  well  as  animal  and  vegetable  matter ;  and  to  ascertain  the  pro- 
portion of  these  with  tolerable  accuracy,  is  the  most  difficult  part  of 
the  subject. 

**  The  first  process  to  be  performed,  in  thia  part  of  the  analjas,  is 
the  exposure  of  the  fioe  matter  of  the  soil  to  the  action  of  mimatic 
acid.  This  substance  should  be  poured  upon  the  earthy  matter  io  an 
evaporating  basin,  in  a  quantity  equal  to  twice  the  wei^tof  theeartbj 
matter ;  but  diluted  with  double  its  volume  of  water.  The  aditan 
should  be  often  stirred,  and  suffered  to  remain  for  an  hour,  or  an  hour 
and  a  half^  before  it  is  examined. 

"  If  any  carbonate  of  lime  or  of  ms^esia  exist  in  the  soil,  they  wiH 
have  been  dissolved  in  this  time  by  the  acid,  which  sometimes  takes 
up  likewise  a  little  oxide  of  iron ;  but  very  seldom  any  alumina. 

"  The  fluid  should  be  passed  through  a  filter ;  the  solid  matter  col- 
lected, washed  with  rain-water,  dried  at  a  moderate  heat,  and  weighed. 
Its  loss  will  denote  the  quantity  of  solid  matter  taken  up.  The  wash- 
ings must  be  added  to  the  solution,  which,  if  not  sour  to  the  taste,  most 
be  made  so  by  the  addition  of  firesh  acid,  when  a  little  solution  of 
prussiate  of  potassa  and  iron  must  be  mixed  with  the  whole,  ifa  bloe 
precipitate  occurs,  it  denotes  the  presence  of  ojide  of  iron,  and  the 
solution  of  the  prussiate  must  be  dropped  in  till  no  &rther  effect  is 
produced.  To  ascertain  its  quantity,  it  must  be  coUeded  in  the  same 
manner  as  other  solid  precipitates,  and  heated  red;  the.  result  is  oxide 
of  iron,  which  may  be  mixed  with  a  little  oxide  of  manganese. 

*^  Into  the  fluid  freed  from  oxide  of  iron,  a  solution  of  neutralized 
carbonate  of  potash  must  be  poured  till  all  effervescence  ceases  in  it, 
and  till  its  taste  and  smell  indicate  a  considerable  excess  of  alcaline 
salt 

"  The  precipitate  that  falls  down  is  carbonate  of  lime,  it  must  be 
collected  on  the  filter,  and  dried  at  a  heat  below  that  of  redness. 

**  The  remaining  fluid  must  be  boiled  for  a  quarter  of  an  hour,  when 
the  magnesia,  if  any  exist,  will  be  precipitated  from  it,  combindl  with 
carbonic  acid,  and  its  quanti^  is  to  be  ascertained  in  the  same  manner 
as  that  of  the  carbonate  of  lime. 

**  If  any  minute  proportion  of  alumina  should,  from  peculiar  cir- 
cumstances, be  dissolved  by  the  acid,  it  will  be  found  in  the  precipitate 
with  the  carbonate  of  lime,  and  it  may  be  separated  from  it  by  boihiii 
it  for  a  few  minutos  with  soap  lye,  sufficient  to  cover  the  solid  matter  \ 
this  substance  dissolves  alumina,  without  acting  upon  carbonate  of  lime. 

*'  Should  the  finely-divided  soil  be  sufficiently  calcareous  to  effer- 
vesce very  strongly  with  acids,  a  very  simple  method  may  be  adopted 
for  ascertaining  the  quantity  of  carbonate  of  lime,  and  one  suffideotlj 
accurate  in  all  conunon  cases. 

"  Carbonate  of  lime,  in  all  its  states,  contains  a  determinate  propor- 
tion of  carbonic  acid,  i.  e.,  nearly  43 per  c«i<.,  so  that  when  the  quaa- 
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ity  of  this  elastic  flaid,  given  6at  by  any  soil  doring  the  solution  of  its 
calcareous  matter  in  an  acid  is  known^  either  in  weight  or  measure,  the 
laantity  of  carbonate  of  lime  may  be  easily  discovered. 

«  When  the  process  by  diminution  of  weight  is  employed,  two  parts 
>f  the  acid  and  one  part  of  the  matter  of  the  soil  must  be  weighed  in 
wo  separate  bottles,  and  very  slowly  mixed  together  till  the  efferves- 
cence ceases ;  the  difference  between,  their  weight  before  and  after 
:he  experiment,  denotes  the  quantity  of  carbonic  acid  lost ;  for  every 
four  grains  and  a  quarter  of  which,  10  grains  of  carbonate  of  lime 
must  be  estimated. 

**  6.  After  the  calcareous  parts  of  the  soil  have  been  acted  upon  by 
muriatic  acid,  the  next  process  is  to  ascertain  the  quantity  of  finely- 
divided  insoluble  animal  and  vegetable  matter  that  it  contains. 

**  This  may  be  done  with  sufficient  precision,  by  strongly  igniting  it 
in  a  crucible  over  a  common  fire  till  no  blackness  remains  in  £e  mass. 
It  should  be  often  stirred  with  a  metallic  rod,  so  as  to  expose  new  sur- 
faces continually  to  the  air  ;  the  loss  of  we%ht  that  it  undeigoes  de- 
notes the  quantity  of  the  substance  that  it  contains  destructible  by  fire 
and  air. 

*<  It  is  not  possible,  without  very  refined  and  difficult  experiments, 
to  ascertain  whether  this  substance  is  wholly  animal  or  vegetable  mat- 
ter, or  a  mixture  of  both.  When  the  smell  emitted  during  the  inci- 
neration is  similar  to  that  of  burnt  feathers,  it  is  a  certain  indication  of 
some  substance  either  animal  or  analogous  to  animal  matter ;  and  a  co* 
pi6us  blue  flame  at  the  time  of  ignition,  almost  always  denotes  a  consi- 
derable proportion  of  vegetable  matter.  In  cases  when  it  is  necessary 
that  the  experiment  should  be  very  quickly  performed,  the  destruction 
of  the*  decomposable  substances  may  be  assisted  by  the  agency  of  ni- 
trate of  ammonia,  which  at  the  time  of  ignition  may  be  thrown  gradu- 
ally upon  the  heated  mass  in  the  quantity  of  20  grains  for  every  hun- 
dred of  residual  soil.  It  accelerates  the  dissipation  of  the  animal  and 
vegetable  matter,  which  it  causes  to  be  converted  into  elastic  fluids ; 
and  it  is  itself  at  the  same  time  decomposed  and  lost. 

'*  7.  The  substances  remaining  after  the  destruction  of  the  vegeta- 
ble and  animal  matter,  are  generally  minute  particles  of  earthy  matter, 
containing  usually  alumina  and  silica,  with  combined  oxide  of  iron  or 
of  manganese. 

"  To  separate  these  from  each  other,  the  solid  matter  should  be 
boiled  for  two  or  three  hours  with  sulphuric  acid,  diluted  .with  four 
tiroes  its  we^ht  of  water ;  the  quantity  of  the  acid  should  be  regulat- 
ed by  the  quantity  of  solid  residuum  to  be  acted  on,  allowing  for  every 
hundred  grains  two  drachms,  or  120  grains,  of  acid : 

"  The  substance  remaining  siter  the  action  of  the  acid,  may  be  con- 
sidered as  siliceous :  and  it  must  be  separated  and  its  weight  ascertain- 
ed, after  washing  and  drying  in  the  usual  manner. 

^'  The  alumina,  and  the  oxide  of  iron  and  manganesum,  if  any  exist, 
are  all  dissolved  by  the  sulphuric  acid ;  they  may  be  separated  by 
succinate  of  ammonia,  added  to  excess,  which  throws  down  the  oxide 
of  iron ;  and  by  soap  lye,  which  will  dissolve  the  alumina,  but  not  the 
oxide  of  manganese :  the  weights  of  the  oxides  ascertained  after  they 
have  been  heated  to  redness  will  denote  their  quantities. 

"  Should  any  magnesia  and  lime  have  escaped  solution  in  the  muri- 
atic acid,  thciy  will  be  found  in  the  sulphuric  acid ;  this,  however^  is 
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ttirelj  the  case ;  but  the  process  for  detecting  them,  and  ascertamiDf 
their  quantities,  is  th6  same  in  both  instances. 

**  The  method  of  analysis  by  sulphuric  acid,  is  sufficiently  precise 
for  all  usual  eiperiments ;  but  if  very  great  accuracy  be  an  object, 
dry  carbonate  of  potassa  must  be  employed  as  the  agent,  and  the  resi- 
duum of  the  incineration  (6)  must  be  heated  red  for  a  half  hour,  whli 
four  times  its  weight  of  this  substance,  in  a  crucible  of  silver,  or  of 
well  baked  porcelain.  The  mass  obtained  must  be  dissolved  in  mori- 
atic  acid,  and  the  solution  evaporated  till  it  is  nearly  solid  ;  distiUed 
water  must  then  be  added,  by  which  the  oxide  of  iron  and  all  the 
•arthS|  except  silica,  will  be  dissolved  in  combination  aa  mnriates.  The 
silica,  after  the  usual  process  of  lixiviation,  must  be  heated  red  ;  the 
other  substances  may  be  separated  in  the  same  manner  as  from  the  ma- 
riatic  and  sulphuric  solutions. 

*'  This  process  is  the  one  usually  employed  by  diemical  philosopheiv 
for  the  analysis  of  stones. 

^*  8.  If  any  saline  matter,  or  soluble  vegetable  or  animal  matter  is 
suspected  in  the  soil,  it  will  be  found  in  the  water  of  hxiviatioii  used 
for  separating  the  sand. 

**  This  water  must  be  evaporated  to  dryness  in  a  proper  dish,  at  a 
heat  below  its  boiling  point. 

"  If  the  solid  matter  obtained  is  of  a  brown  colour  and  inflammable, 
it  may  be  considered  as  partly  vegetable  extract.  If  its  smell,  when 
exposed  to  heat,  be  like  that  of  burnt  feathers,  it  contains  anioal  or 
albuminous  matter ;  if  it  he  white,  crystalline,  and  not  destnictibJe  by 
heat,  it  may  be  considered  as  principally  saline  matter. 

^'  9.  Should  sulphate  or  phosphate  of  lime  be  suspected  in  the  entire 
'  soil,  tlie  detection  of  them  requires  a  particolar  process  upon  it    A 

given  weight  of  it,  for  instance,  400  grains,  must  be  heated  red  for  half 
an  hour  in  a  crucible,  mixed  with  one- third  of  powdered  charcoal. 
The  mixture  must  be  boiled  for  a  quarter  of  an  hour,  in  a  haVf  pint  of 
water,  and  the  fluid  collected  through  the  filter,  and  exposed  for  some 
days  to  the  atmosphere  in  an  open  vessel.  If  any  notable  quantity  of 
sulphate  of  lime  (gypsum)  existed  in  the  soil,  a  white  precipitate  will 
gradually  form  in  the  fluic^  and  the  weight  of  it  will  indicate  i!t»  pro- 
portion. 

**  Phosphate  of  lime,  if  any  exist,  may  be  separated  from  the  soil 
after  the  process  for  gypsum.  Muriatic  acid  must  be  digested  upon  the 
•oil,  is  quantity  more  than  sufficient  to  saturate  the  soluble  earths ;  the 
solution  must  be  evaporated,  and  water  poured  upon  the  solid  matter. 
This  fluid  will  dissolve  the  compounds  of  earths  with  the  muriatic  acid, 
and  leave  the  phosphate  of  lime  untouched. 

^«  It  would  not  faU  within  the  limits  assigned  to  this  Lecture,  to  detail 
any  processes  for  the  detection  of  substances  which  may  be  accidentally 
mixed  with  the  matters  of  soils.  Other  earths  and  metallic  oxides  are 
now  and  then  found  in  them,  but  in  quantities  too  minute  to  bear  aoj 
relation  to  fertility  or  barrenness,  and  the  search  for  them  would  make 
the  analysis  much  more  complicated  without  renderii^  it  more  osefol. 

*'  10.  When  the  examination  of  a  soil  is  completed,  the  products 
ahould  be  numerically  arranged,  and  their  quantities  added  together, 
and  if  they  nearly  equal  the  original  quantity  of  soil,  the  analysis  may 
be  considered  as  accurate.  It  must,  however,  be  noticed,  that  when 
phosphate  or  sulphate  of  Hme  are  discovered  by  the  independent  pro- 
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^ess  JQst  deflcribed  (9),  a  correction  must  be  made  for  the  general  pro- 
cess, by  subtracting  a  sum  equal  to  their  weight  from  the  quantity  of 
carbonate  of  lime,  obtained  by  precipitation  from  the  muriatic  acid. 

**  In  arranging  the  products,  the  form  should  be  in  the  order  of  the 
experiments  by  which  they  were  procured. 

**  Thusy  I  obtained  from  400  grains  of  a  good  siliceous  sandy  soil, 
from  a  hop  garden  near  Tunbridge,  Kent, 


Of  ivater  of  absorption ,  .  .  19 

—  loose  stones  and  gravel  principally  siliceous  .  .  •  .  .^  .  •  53 

—  undecompounded  vegetable  fibres 14 

-~-  fine  siliceous  sand 212 

Of  minutely  divided  matter  separated  by  agitation  and  fil« 
tration,  and  consisting  of  ' 

Carbonate  of  lime 19 

Carbonate  of  magnesia 3 

Matter  destructible  by  heat,  principally  vegetable     .  .  15 

Silica 21 

Alumina  .  .  .- « 13 

Oxide  of  iron 6 

Soluble  matter,  principally  common  salt  and  vegetable 

extract 3 

Gypsum • 2 

—  81 

Amount  of  all  the  products  p '.  37^ 

Loss.  « 21 

^*  The  loss  in  this  analysis  is  not  more  than  usually  occurs,  and  it  de- 
pends upon  the  impossibility  of  collecting  the  whole  quantities  of  the 
different  precipitates ;  and  upon  the  presence  of  more  moisture  than* 
is  accounted  for  in  the  water  of  absorption,  and  which  is  lost  in  the  dif- 
ferent processes. 

''  When  the  experimenter  is  become  acquainted  with  the  use  of  the 
different  instruments,  the  properties  of  the  re-agents,  and  the  relations 
between  the  external  and  chemical  quahties  of  soils,  he  will  seldom, 
find  it  necessary  to  perform,  in  any  one  case,  all  the  processes  that  have 
been  described.  When  his  soil,  for  instance,  contains  no  notable  pro- 
portion of  calcareous  matter,  the  action  of  the  muriatic  acid  (7)  may  be 
omitted.  In  examining  peat  soils,  he  will  principally  have  to  attend  to 
the  operation  by  fire  and  air  (8)  ;  and  in  the  analysis  of  chalks  and 
loams,  he  will  often  be  able  to  omit  the  experiment  by  sulphuric  acid 

''  In  the  first  trials  that  are  made  by  persons  unacquainted  with 
chemistry,  they  must  not  expect  much  precision  of  result.  Many  dif- 
ficulties will  be  met  with  :  but  in  overcoming  them,  the  most  useful 
kind  of  practical  knowledge  will  be  obtained ;  and  nothing  is  so  in- 
structive in  experimental  science,  as  the  detection  of  mistakes.  The 
correct  analyst  ought  to  be  well  grounded  in  general  cheniical  informa* 
tion ;  bat,  perhaps,  there  is  no  better  mode  of  gaining  it,  than  that  of 
attempting  original  investigations.  In  pursuing  his  experiments,  h# 
will  be  continually  obliged  to  learn  the  properties  of  the  substances  h# 
is  employing  or  acting  upon  ^  andhis  theoretical  ideas  will  be  more  v«- 
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luable  in  beii*  connected  with  practical  openddoiis,  and  acquired  fi»r 
the  purpose  of  discovery.  . 

«•  Plants  being  possessed  of  no  iocomotive  powers^  can  grow  only  m 
places  wbei«  tbey  are  supplied  witb  food ;  and  tbe  soil  is  neceasaiy  to 
their  existence,  both  as  affordingthem  nonrisbment^and  enaUingthemto 
fix  themselyes  in  such  a  manner  as  to  obey  those  mechanical  laws  by 
which  their  radicles  are  kept  below  the  surfece,  and  their  leaves  ez« 
posed  to  the  free  atmosphere.  As  the  systems  of  roots,  branches,  aod 
leaves,  are  very  different  in  different  vegetables,  so  diey  flooiish  most 
in  different  soils ;  the  plants  that  have  bolbous  roots  require  a  looser 
and  a  lighter  soil  than  such  as  have  fibrous  roots  ;  and  the  plants  pos- 
sessing only  short  fibrous  radicles  demand  a  firmer  soil  than  such  as 
have  tap  roots,  or  extensive  lateral  roots. 

**  A  good  turnip  soil  from  Holkham,  Norfolk,  afforded  me  ei^  parts 
out  of  nine  siliceous  sand  ;  and  the  finely-divided  matter  consisted 

Of  carbonate  of  lime ^ 

—  silica 15 

—  alumina ' ....  11 

»-  oxide  of  iron •     •  3 

—  vegetable  and  saline  matter 5 

—  moisture 3 

**  I  found  the  soil  taken  from  a  field  at  Sheffield-place,  in  Sussex,  re- 
markable for  producing  flourishing  oaks,  to  consist  of  six  parts  of  sand, 
and  one  part  of  clay  and  finely-divided  matter.  And  100  parts  of  the 
entire  soil,  submitted  to  analysis,  produced. 


Silica 54 

Alumina 88 

Carbonate  of  lime S- 

Oxide  of  iron 5 

Decomposing  vegetable  matter     ...      4 

Moisture  and  loss 3 

*«  An  excellent  wheat  soil,  from  the  neighbourhood  of  West  Dray- 
ton, Middlesex,  gave  three  parts  in  five  of  siliceous  sand ;  and  the  fine- 
ly-divided matter  consisted  of 

Carbonate  of  lime 28 

Silica    -     -     -     - 32 

Alumina     -.---.-.---29 
Animal  or  vegetable  matter  and  moisture     1 1 

"  Of  these  soils  the  last  was  by  far  the  most,  and  the  first  the  least, 
coherent  in  texture.  In  all  cases  the  constituent  parts  of  the  soil 
which  give  tenacity  and  coherence  are  the  finely-divided  matters ;  and 
they  possess  the  power  of  giving  those  qualities  in  the  highest  dc^e 
when  they  contain  much  alumina.  A  small  quantity  of  finely-divided 
matter  is  sufficient  to  fit  a  soil  for  the  production  of  turnips  and  barley ; 
and  I  have  seen  a  tolerable  crop  of  turnips  on  a  soil  containing  1 1  parts 
out  of  12  sand.  A  much  greater  proportion  of  sand,  however,  always 
produces  absolute  sterility.  The  soil  of  Bag^hot  heath,  which  is  en- 
tirely devoid  of  vegetable  covering,  contains  less  than  ^  of  finely-di- 
vided matter.  400  parts  of  it,  which  had  been  heated  red,  afforded 
n^  380  parts  of  coarse  siliceous  sand,  nine  parts  of  fine  lilkeous  sand. 
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and  1 1  parte  of  impalpable  matter,  which  was  a  mixture  of  fi^ragiDOiis 
clay,  with  carbonate  of  lime.  Vegetable  or  animal  matters,  when  fine- 
]y-diirided,  not  only  give  coherence,  but  likewise  softness  and  penetra- 
bility ;  but  neither  &ey  nor  any  other  part  of  the  soil  must  be  in  too 
great  proportion  ;  and  a  soil  is  unproductive  if  it  consist  entirely  of 
impalpable  matters. 

"  Pure  alumina  or  silica,, pure  carbonate  of  lime,  or  carbonate  of 
magnesia,  are  incapable  of  supporting  healthy  vegetation. 

«<  No  soil  is  fertile  that  contains  as  much  as  1 9  parts  out  of  20  of  any 
of  the  constituents  that  have  been  mentioned. 

**  It  will  be  asked,  are  the  pure  earths  in  the  soil  merely  active  as 
mechanical  or  indirect  chemical  agents,  or  do  they  actually  afford  food 
to  the  plant  ?  This  is  an  important  question  ;  and  not  difficult  of  solu- 
tion. 

*'  The  earths  consist,  as  I  have  before  stated,  of  metals  united  to  ox- 
ygen ;  and  these  metals  have  not  been  decomposed  ;  there  is  conse- 
quently no  reason  to  suppose  that  the  earths  are  convertible  into  the 
elements  of  organized  compounds,  into  carbon,  hydrogen,  and  azote. 

**  Plants  have  been  made  to  grow  in  given  quantities  of  earth. 
They  consume  very  small  portions  only ;  and  what  is  lost  may  be 
accounted  for  by  the  quantities  found  in  their  ashes  ;  that  is  to  say,  it 
has  AOt  been  converted  into  any  new  products. 

*<  The  carbonic  acid  united  to  lime  or  magnesia,  if  any  stronger 
acid  happens  to  be  formed  in  the  soil  during  the  fermentation  of  vege- 
table matter  which  will  disengage  it  from  the  earths,  may  be  decompos- 
ed ;  but  the  earths  themselves  cannot  be  supposed  convertible  into 
other  substances,  by  any  process  taking  place  in  the  soil. 

*Mn  all  cases  the  ashes  of  plants  contain  some  of  the  earths  of  the 
soil  in  which  they  grow  ;  but  these  earths,  as  may  be  seen  from  the 
table  of  the  ashes  afforded  by  different  plants  given  in  the  last  Lec- 
ture*, never  equal  more  than  jV  ^^  ^^  weight  of  the  plant  consumed. 

**  If  they  be  considered  as  necessary  to  the  vegetable,  it  is  as  giving 
hardness  and  firmness  to  its  organization.  Thus,  it  has  been  mention- 
ed that  wheat,  oats,  and  many  of  the  hollow  grasses,  have  an  epiderm- 
is principally  of  siliceous  earth ;  the  use  of  which  seems  to  be  to 
strengthen  them,  and  defend  them  from  the  attacks  of  insects  and  pa- 
rasitical plants. 

*^  Many  soils  are  popularly  distinguished  as  cold ;  and  the  distinction, 
though  at  first  w '/  it  may  appear  to  be  founded  on  prejudice,  is  really 
just 

*'  Some  soils  are  much  more  heated  by  the  rays  of  the  sun,  all  other 
circumstances  being  equal,  than  others  ;  and  soils  brought  to  the  same 
degree  of  heat  cool  in  different  times,  t.  a.  some  cool  much  faster  than 
others. 

*<  This  property  has  been  very  little  attended  to  in  a  philosophical 
point  of  view  ;  yet  it  is  of  the  behest  importance  in  agriculture.  In 
general,  soils  that  consist  principally  of  a  stiff  white  clay  are  didicultly 
heated ;  and  being  usually  very  moist  they  retain  their  heat  only  for  a 
short  time.  Chalk$  are  similar  in  one  respect,  that  they  are  difficultly 
heated ;  but  being  drier  they  retain  their  heat  longer,  less  being 
consumed  in  causing  the  evaporation  of  their  moisture. 

•  Se%Sir  Hnoiphiy  Davy's  jBtofiaiCff  ^  Agricuttwrol  Chmiiiry,  4to.,  p.  102. 
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.  **  A  black  soil,  tontainiog  mach  soft  vegetable  iiifitter»  u  mott  he«kc£ 
bj  the  9UD  and  air ;  and  the  coloured  soils,  and  the  soils  containifti 
nrach  carbonaceous  matter,  or  ferruginous  matter,  exposed  under 
•qua!  circumstances  to  sun,  acquire  a  much  higher  temperature  (han 
ptde-coloured  soils. 

*<  When  soib  are  perfectly  dry,  those  that  most  readily  became 
heated  by  the  solar  rays  likewise  cool  most  rapidly ;  but  1  bare  ascer- 
tained by  experiment,  that  the  darkest-coloured  dry  soil  (that  wiiich 
contains  abundance  of  animal  or  vegetable  matter,  substances  which 
most  facilitate  the  diminution  of  temperature,)  when  heated  to  the 
same  degree,  provided  it  be  within  the  common  limits  of  the  effect  of 
solar  heat,  will  cool  more  slowly  than  4  wet  pale  soil  entirely  composed 
•f  earthy  matter. 

*  *'  I  found  that  a  rich  black  mould,  which  contained  oeariy  {  of  ve- 
getable matter,  had  its  temperature  increased  in  an  hour  from  65''  to 
88^  by  exposure  to  sunshine  ;  whilst  a  chalk  soil  was  heated  odIj  to 
69*  under  the  same  circumstances.  But  the  mould,  removed  ioto  the 
shade,  where  the  temperature  was  62^,  lost,  in  half  an  hour,  15* ; 
whereas  the  chalk,  under  the  same  circumstances,  had  lost  only  4^. 

**  Brown  fertile  soil,  and  a  cold  barren  clay  were  each  artificia&y 
heated  to  88*,  having  been  previously  dried ;  they  were  then  exposed 
in  a  temperature  of  67*  ;  in  half  an  hour  the  dark  soil  was  found  to 
have  lost  9*  of  heat ;  the  clay  had  lost  only  6*.  An  equal  portioa  of 
the  clay  containing  moisture,  after  being  heated  to  88*,  was  exposed  in 
a  temperature  of  55*  ;  in  less  than  a  quarter  of  an  hour  it  was  foand 
to  have  gained  the  temperature  of  the  room.  The  soils  in  all  these 
experiments  were  placed  in  small  tin-plate  trays,  two  inches  square  and 
half  an  inch  in  depth  ;  and  the  temperature  ascertained  bj  a  delicate 
thermometer. 

**  Nothing  can  be  more  evident,  than  that  the  gema\heat  of  the  soil, 
particularly  in  spring,  must  be  of  the  highest  importance  to  the  rising 
plant.  And  when  the  leaves  are  fuUy  developed,  the  ground  is  shad- 
ed ;  and  any  injurious  influence,  which  in  the  sununer  nught  be  ex- 
pected from  too  gr^at  a  heat,  entirely  prevented :  so  that  the  tempera- 
ture a(  the  sur&ce,  when  bare  and  exposed  to  the  rays  of  the  son, 
affords  at  least  one  indication  of  the  degrees  of  its  fertility ;  and  the 
thermometer  may  be  sometimes  a  useful  instrument  to  the  purchaser 
•r  improver  of  lands. 

'*  The  moisture  in  the  soil  influences  its  ten  ~  '  ^lure ;  and  the 
manner  it  which  it  is  distributed  through,  or  combin<.sfl  with,  the  ear- 
thy materials,  is  of  great  importance  in  relation  to  the  Dutrimeotof  the 
plant.  If  water  is  too  strongly  attracted  by  the  earths^  it  will  not  be 
absorbed  by  the  roots  o£  the  plants ;  if  it  is  in  too  great  quantity,  or 
too  loosely  united  to  them,  it  tends  to  injure  or  destroy  the  fi5roQs 
by  parts  of  the  roots. 

**  There  are  two  states  in  which  water  seems  to  exist  in  the  earths, 
and  in  animal  and  vegetable  substances ;  in  the  first  state  it  is  united 
chemical,  in  the  other  by  cohesive,  attraction. 

''  If  pure  solution  of  ammonia  or  potassa  be  poured  into  asolatioo 
of  alum,  alumina  falls  down  combined  with  water ;  and  the  powder  dried 
b^  exposure  to  air  will  afibrd  more  than  half  its  weight  of  water  bj 
distillation  ;  in  this  instance  the  water  is  united  by  chemical  attraction. 
The  moisture  which  wood,  or  muBcukr  fibre,  •r  gum,  that  have  been 
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heated  to  212*,  afford  by  distiUatioQ  at  a  red  heat,  is  likewise  wafer, 
the  elements  of  which  were  united  in  the  sabstance  by  chemical  com- 
bination. 

"  When  pipe-clay,  dried  at  the  temperature  of  the  atmosphere,  is 
brought  io' contact  with  water,  the  fluid  is  rapidly  absorbed;  this  ia 
owing  to  oohesiye  attraction.  Soils  in  general,  vegetable,  and  animal 
substances,  that  bare  been  dried  at  a  heat  below  that  of  boiling  water, 
increase  in  weight  by  exposure  to  air,  owing  to  their  absorbing  water 
existing  in  the  state  of  vapour  in  the  air,  in  consequence  of  cohesive 
attraction. 

<*  The  water  cA«mica/i|yeom5ifi«(£  amongst  the  elements  of  soils,  unless 
in  the  case  of  the  decomposition  of  animal  or  vegetable  substances,  can- 
not be  absorbed  by  the  roots  of  plants ;  but  that  adhering  to  the  parts 
of  the  soil  is  in  constant  use  in  vegetation.  Indeed  there  are  few  mix- 
tures of  the  earths  found  in  soils  that  contain  any  chemically  combined 
water ;  watft  is  expelled  from  the  earths  bv  most  substances  that  com- 
bine with  them.  Thus,  if  a  combination  of  lime  ^d  water  be  exposed 
to  carbonic  acid,  the  carbonic  acid  takes  the  plaoe  of  water,  and  com- 
pounds of  alumina  and  silica,  or  other  compounds  of  the  earths,  do  not 
chemically  unite  with  water ;  and  soils,  as  it  has  been  stated,  are 
formed  either  by  earthy  carbonates,  or  compounds  of  the  pure  earths 
and  metallic  oxides. 

'*  When  saline  substances  exist  in  soils,  they  may  be  united  to  water 
both  chemically  and  mechanicallv  ;  but  they  are  ^ways  in  too  small  a 
quantity  to  influence  materially  the  relations  of  the  soil  to  water. 

**  The  power  of  the  soil  to  absorb  water  b^  cohesive  attraction,  de- 
pends in  great  measure  upon  the  state  of  division  of  its  parts ;  the  more  ^ 
divided  they  are,  the  greater  is  their  absorbent  power*  The  different 
constituent  parts  of  soils  likewise  appear  to  act,  even  by  cohesive  at« 
traction,  with  different  degrees  of  enet^.  Thus  v^;etable  substances 
seem  to  be  more  absorbent  than  animal  substances  ;  animal  substances 
more  so  than  compounds  of  alumina  and  silica ;  and  compounds  of  alu- 
mina and  silica  more  absorbent  than  carbonates  of  lime  and  magnesia ; 
these  differences  may,  however,  possibly  depend  upon  the  differences 
in  their  state  of  division,  and  upon  the  surface  exposed. 

**  The  power  of  soils  to  absorb  water  from  air,  is  much  connected 
with  fertility.  When  this  power  is  great,  the  plant  is  supplied  wiA 
moisture  in  dry  seabons  ;  and  the  effect  of  evaporation  in  the  day  is 
counteracted  by  the  absorption  of  aqueous  vapour  from  the  atmos- 
phere, by  the  interior  parts  of  the  soil  during  the  day,  and  by  both  the 
exterior  and  interior  during  night. 

*<  The  stiff  clays  approaching  to  pipe-clays  in  their  nature,  which 
take  up  the  greatest  quantity  of  water  when  it  is  poured  upon  them  in 
a  flaid  form,  are  not  the  soils  which  absorb  most  moisture  from  the  at- 
mosphere in  dry  weather.  They  cake,  and  present  only  a  small  sur- 
fhce  to  the  air,  and  the  vegetation  on  them  is  generally  burnt  up  almost 
ds  readily  as  on  sands. 

"  The  soils  that  are  most  efficient  in  supplying  the  plant  with  watc^ir 
by  atmospheric  absorption,  are  those  in  which  there  is  a  due  mixture 
of  sand,  finely-divided  clay,  and  carbonate  of  lime,  with  some  animal 
or  vegetable  matter  ;  and  which  are  so  loose  and  light  as  to  be  freelj 
permeable  to  the  atmosphere.  With  f espect  to  this  quality,  carbonate 
of  lime  and  animal  md  fegetable  matter  are  of  mat  use  in  soils  ;  fl»ej 
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giTe  abf orbeDt  power  to  the  soil  without  givkig  it  likewise  femoc^f 
Band,  which  also  destroys  tenacity »  on  the  contrary,  g»ves  Uttleabioi^ 
ent  power. 

«*  r  have  compared  the  absorbent  powers  of  many  soils  with  lesfiect 
to  atmospheric  moistare,  and  1  hvre  always  foond  it  greatest  in  (he  moii 
fertile  soils ;  so  that  it  affords  one  method  of  jadgmg  of  the  prodadire- 
ness  oi  land. 

^«  1000  parts  of  a  celebrated  soil  from  Onniston,  in  flast  LoCliian. 
which  contained  more  than  half  its  weight  of  finely-divided  mstter,  of 
.which  1 1  parts  were  carbonate  of  lime,  and  9  parts  vegetable  aiatta. 
when  dried  at  212«,  gained  in  an  hour  by  exposure  to  air,  saturated 
with  moisture,  at  temperature  6^^,  18  grains. 

<«  1000  parts  of  a  very  fertile  soil  from  the  banks  of  the  rirer  Par- 
fst,  is  Somersetshire,  under  the  same  circumstances,  gained  I6gniitt. 
**  1000  parts  of  a  soil  from  Mersea»  in  Essex,  worth  45  sbiUiiqci  as 
acre,  gained  13  gains. 

**  1000  grains  of  a  fine  sand  from  Essex,  worth  t8  sfaillis^  an  acre> 
gained  11  grains. 

**  1000  of  a  coarse  sand,  worth  15  shillings  an  acre,  guned  only  eight 
grains. 

**  1000  of  the  soil  of  Bagshot-heath  gained  only  three  grains. 
*'  Water,  and  the  decomposing  animal  and  vegetable  matter  ezi^bg 
in  the  soil,  constitute  the  true  nourishment  of  plants ;  and  as  the  earthj 
parts  of  the  soil  are  useful  in  retainiog  water,  so  as  to  supply  it  in  tbe 
proper  proportions  to  the  roots  of  the  vegetables,  so  they  are  likewise 
efficacious  in  producing  the  proper  distribution  of  the  anunal  or  vege- 
table matter ;  when  equally  mixed  with  it  they  prevent  it  from  decom- 
posing too  rapidly ;  and  by  their  means  the  sdoble  parts  are  sopplied 
in  proper  proportions. 

**  Besides  this  agency,  which  maybe  considered  as  mechanical,  there 
is  another  agancy  between  soils  and  organizable  matters,  wluch  may  be 
regarded  as  chemical  in  its  nature.  The  earths,  and  even  the  earthy 
carbonates,  haTe  a  certain  degcee  of  chemical  attraction  for  many  of 
the  principlea  of  vegetable  and  animal  substances.  This  is  easily  ex- 
emplified in  the  instance  of  alumina  and  oil ;  if  an  acid  solution  of  ah- 
mina  be  mixed  with  a  solution  of  soap,  which  consists  of  oily  matter 
and  potassa,  the  oil  and  the  alumina  will  unite  and  form  a  white  powder, 
which  will  sink  to  the  bottom  of  the  fluid. 

*'  The  extract  from  decon^posing  vegetable  matter  when  boiled  with 
pipe-clay  or  chalk,  fonns  a  combination  by  which  the  vegetable  matter 
is  rendered  more  difficult  of  decomposition  and  of  solution.  Pure  si- 
lica and  siliceoas  sands  have  Iktle  action  of  this  kind ;  and  the  soils 
which  contain  the  most  alumina  and  carbonate  of  lime,  are  those  which 
act  with  the  greatest  chemical  energy  in  preserving  manures.  Such 
soils  merit  the  appellation  which  is  commonly  given  to  them  of  rich  soils ; 
|br  the  vegetable  nourishment  is  long  preserved  in  them,  unless  takes 
up  by  the  organs  of  plants.  Siliceous  sands,  on  the  contrary,  deserFe 
4he  term  hungiy,  which  is  commonly  applied  to  them  ;  for  the  vegeta- 
ble and  animal  nntters  they  contain  not  being  attracted  by  the  e^j 
constituent  parts  of  the  soil,  are  more  liable  to  be  decomposed  by  the 
action  of  the  atmosphere,  or  carried  off  from  them  by  watef .  ' 
*•  In  most  of  the  black  and  brown  rich  vegetable  moulds,  the  earths 
'     '  to.be  in  combination  with  a  peculiar  extractive  matter,  afforded 
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luring  the  decomposition  of  vegetables  :  this  is  slowTj  taken  up,  or 
ittracted  from  the  earths  by  water,  and  appears  to  constitute  a  prime 
:ause  of  the  fertility  of  the  soil. 

*'  The  standard  of  fertility  of  soils  for  different  plapts  nrast  vary 
vith  the  climate  ;  and  most  be  particdlarly  influenced  by  the  quantity 
>f  rain. 

*<  The  power  of  soils  to  absorb  moisture  ought  to  be  much  greater 
Q  warm  or  dry  countries,  than  in  cold  and  moist  6nes  \  and  the  quan- 
ity  of  clay,  or  vegetable  «r  animal  matter  they  contain,  greater.  Soils 
ilso  on  declivities  ought  to  be  more  absorbent  than  in  plains  or  in  the 
>ottom  of  valleys.  Their  productiveness  likewise  is  influenced  by 
he  nature  of  the  subsoil  or  the  stratum  on  which  they  rest. 

'<  When  soils  are  immediately  situated  upon  a  bed  o{  rock  or  stone, 
hey  are  much  sooner  rendered  dry  by  evaporation,  than  where  the 
lubsoil  is  of  clay  or  marl ;  and  a  {^rime  cause  of  the  great  fertility  of 
he  land  in  the  moist  climate  of  Ireland,  is  the  proximity  of  the  rocky 
trata  to  the  soil. 

''  A  clayey  subsoil  will  sometimes  be  of  material  advantage  to  a  sandy 
;oil ;  and  in  this  case  it  will  retain  moisture  in  such  a  manner  as  to  be 
capable  of  supplying  that  lost  by  the  earth  above,  in  consequence  of 
evaporation,  or  the  consumption  of  it  by  plants. 

*'  A  sandy  or  gravelly  subsoil,  often  corrects  the  imperfections  of  too 
;reat  a  degree  of  absorbent  power  in  the  true  soil. 

*'  In  calcareous  countries,  where  the  surface  is  a  species  of  marl, 
he  soil  is  often  found  only  a  few  inches  above  the  limestone  ;  and  its 
ertility  is  not  impaired  by  the  proximity  of  the  rock ;  though  in  a  less 
ibsorbent  soil,  this  situation  would  occasion  barrenness ;  and  the  sand- 
tone  and  limestone  hills  in  Derbyshire  and  North  Wales  may  be  easily 
listinguished  at  a  distance  in  summer  by  the  different  tints  of  the  ve- 
getation. The  grass  on  the  sandstone  hills  usually  appears  brown  and 
>urnt  up ;  that  on  the  limestone  hills,  flourishing  and  green. 

*'  In  devoting  the  different  parts  of  an  estate  to  the  necessary  crops, 
t  is  perfectly  evident  from  what  has  been  said,  that  no  general  princi- 
>le  can  be  laid  down,  except  when  all  the  circumstances  of  the  nature, 
:omposition,  and  situation  of  the  soil  and  subsoil  are  known. 

''The  methods  of  cultivation  likewise  must  be  different  for  differ- 
ent soiU.  The  same  practice  which  will  be  excellent  in  one  case  may 
>e  destructive  in  another. 

''  Deep  ploughing  may  be  a  very  profitable  practice  in  a  rich  thick 
oil ;  and  in  a  fertile  shallow  soil,  situated  upon  cold  clay  or  sandy  sub- 
oil,  it  may  be  extremely  prejudicial. 

*'  In  a  moist  climate  where  the  quantity  of  rain  that  falls  annually 
equals  from  40  to  60  inches,  as  in  Lancashire,  Cornwall,  and  some  parts 
>f  Ireland,  a  siliceous  sandy  soil  is  much  more  productive  than  in  dry 
Itstricts ;  and  in  such  situations  wheat  and  beans  will  require  a  less  co- 
lerent  and  absorbent  soil  than  in  drier  situations  ;  and  plants,  having 
>ulbous  roots,  will  flourish  in  a  soil  containing  as  much  as  14  parti 
>ut  of  1 5  of  sand. 

*'  Even  the  exhaustiqg  powers  of  crops  will  be  influenced  by  like 
nrcumstances.  In  cases  where  plants  cannot  absorb  sufficient  mois* 
MT%.  they,  must  take  up  more  manure.  And  in  Ireland,  Cornwall,  and 
iie  western  Highlands  of  Scotland,  com  will  exhaust  less  than  in  dry 
inland  situations.  Oata,  particularly  in  dry  climates,  are  impoverisk- 
bf4p  a  much  bj|^r  degree  ibm  itt  moitft  onef." 
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APPENDIX, 


COHTAXHIirO 


squnvAUSirr  m/MBERs  of  vegetable  ai«d  anuoal  fBODVcrs, 

AND  THESl  COMBINATIONS* 


KftH^irUMnt  irvTOEASt  4^ 


«a 


TABULAR  VIEW 


OP   THE 


SqtJIYALENT  NUMBERS  DF  VEOKTABLK  AND  ANIHAZi  PRODUCTS,  ASlh 
THEIR  COMBINATIONS. 


SUBSTANCE  ' 


EqaiTil«iU 


COMPOSITION 


I.  Gum 

BigiucmAteof  lead 


n.  SOGAB 

Swdiarate  of  lead . 


m.  Stabch 

Btumaaie  of  lead . 


IV.  Taiinih. 


of  lead.. 

V.  Wax 

VI.  Oil? 
VIL  Camphobicaciv? 


VBt.   SuoClHtC  ACID 

Succinate  of  aimnonia  . 


K)da  , 


90? 
81? 

144? 

400 

315.3? 
327.3 

l4Bf 


50? 

87 

98 

as 

78 


180gam.-fll2oK.onead. 


81  nisar-f  llS^nL  of  lead. 


S88  8taKh+lU^O«.of|e«d. 


215.3  taming  112  «.  of  lead 


50S.A.+17aiiii 
50  S.  A.  4- 48  P. 
SOS.  A. +328. 
50&A.-f28L. 


9& 


mqvtyMLznr  HVHBKas,  4^. 


Eqmvaknt  Awm^crf ,  4r€.  (continaed.) 


•UBBTAJICK8 


BqtttTaleBt 


COICP06ITION 


gnccwMteof  biyta. 


-iraa. 


-copper?. 


EL  BfoiPBiA 


X.  IftCOHIC  ACW  . 


XI.  Si«i«qpA. . .., 
Xn.  BbvciaI 
Xm.  THtniAl 
Kiy.  MiLunc  ACID  ? 

XV.  TaBTAUC  ACI0 . 

Tartnteofi 


Bi-taitrate  of  polaMa 
TtflniB  of  po(M»  and  I 


-potemaiidMida. 


138 

108 

TO" 

ae 

86 

98 
117 
188 
188 

384^ 

83? 

381? 


67 
84 
115 
188 
199 
99 
814 


fiOS.  A.4-78B. 
50S.A.  +  SSS. 
60S.A.-i-80M. 
50S.A.*f36O.BL 
50S.A.-f.36O.  I. 
50  S.  A. +48  a  Z. 
50S.  A.+67aT. 
S0S.A.-f-78O.C. 
S0&A.+118O.L. 


67T.A.-f-17Aiiiiii. 

67  T.  A. -f  48  P. 
134T.A.-f.48P. 
134T.A.+48P+17 

67T.A.+32S. 
134T.A.4.»S.+48F. 


B^virALBirr  irvwiBM,  4v« 


033 


Eqwoalent  Nimheu^  ^.  (continiied.} 


Bt7BSTANCS8. 


E4|IUT«kllC 

Nombcr 


IWcnteoninM 


■•ndpotMA. 


-bwyte. 


ogine 


-sine 


-tin 


-andpotun. 


•ctibtit. 


•titaniinnf 


-ottiom? 


-nickel. 


95 
210 
145 
119 
87 
103 
103 
218 
109 
134 
249 
214 
J79 
294 
123 
13B 
147 
107.5 


-and 


-■!▼«  , 


-tiherandpotun. 


1016 

275 

390 

184.3 

299.3 


C0KP08ITI0N. 


67T.A.-f28L. 
134  T.  A. +28  L. +48  P. 

67T.A.+78a 

67T.A.+52S. 

67T.A.+20M. 

67T.  A.4.36O.M. 

67  T.  A. +36  0.1. 
134T.A.+36  0.I.+48P. 

67T.A.+42  0.Z. 

67T.A.+67  0.T. 
134T.A.+67  0.T.+48P. 
134T.A.+80p«Ra.C. 
67T.A.^1120.L. 
134T.A.+  1120.L.+48P 
67T.A.+56  0.A. 
.134T.A.+56  0.A.+48P. 
67T.A.+80O.B. 
67T,A.+40.5O.C. 


67  T.  A.  +37.6  O.  N. 

67T.A.+2D6  0.M. 
134  T.  A.+2D6  O.  M.+48P. 

67T.A.+117.30.S. 
134T.  A.+117J0.  &+48P. 


4  o 


)4 


HVII^AUBVT 


I  W^* 


EqmmUnU  ffmnhtn.  4^.  (contmoed*) 


BUBSTAHCXS. 


Ni 


COICFOSITIOir. 


KVL  Oxalic  Acts 
Osnteior 


lTIL  CnpueAao 


56 

•6 

10 

M 
116 

90 

56 

91 

74 

86 
165 
156 
til 
946 
616 
150 

94 
116 
76.5 

756 
946 
155^ 

59? 


i60.A.^17Afll. 
36aA.4-46P. 
36  O.  A. 4-39  S. 
96O.A.4.9IU 
38aA.-|-76B. 
aBaA.«ffi9& 
38O.iL  +  90ll 
38aA.+96aBl 

aBaA.-h360.i. 

36<XA.i-490.Z. 

38aA.-H7aT. 

76O.A.460Perai.C 
156QK.Cop.4^C>iiLtB. 
156Qi.Cap.+66QLfM. 
156  0i.Cop.+70  0LSod. 

36  0.A.4.1l9aL. 

36  0.  A.-f^a  Airt. 

96O.A.-f60O.B. 

S8O.A.+4^0^C. 

86  0.A.i-S7.6aN. 

36aA.4->o<aii 

68  0.A.4-117-3  0S. 


«^VJTAX.SlfT  KVimXR9,  ^€. 


EqvivakfU,  ffumber$f  4^.  (conjtinued.) 


SUBSTANCES. 


Citrate  of 


•  Sow.., 
•buyta  . 


Bqairmleat 


•  aitii. 

•  tb.. 


•  copptr . . . 
•lead 

•  KBdnaoff 
binmth.. 


cobah 


.nickal 


Xym.  Malic  Acid  . 
XIX.  GALucAan 
XX.  Bntoic  Aqip 
Beuoateof 
po 


76 
107 
91  . 
87 

m 

111 
79 

as 

9S 
101 
136 
198 

m 

1S9 

99.5 

96.6 
867 
176.8 

71.1? 

613f 

119? 

196 

167 


COMPOSITION. 


59  C.  A. +17  Am. 
59C.A.-f.48P. 
59C.A.4-3S& 
59C.A.-I.S9I. 
59C.  A. 4-7116. 
59  q.  A.  4-52  9^ 
59C.A.-f-90Bl 
59  C.  A.  4-86  0.111 
59C.A.4>96ai. 
59  C.  A.  4- 48  0.2. 
59C.A.4-670.T, 
118C.A.4-WperoK.C. 
59C.A.4-113  0.L. 

59C.A.4-80aa 
59CA,4.«UfO.G. 

59C.A.4-37.6aN. 
59C.A.4-806O.M. 
59C.A.4-117.S^S. 


119B.A.4-17 
119&A.4-48P. 


StVITAXiBIIT  lilSlOKBBi  4rC. 


EqmoaUfU  Ifumhm,  ^e.  (contiiiiied.) 


SUBSTANCSt. 


BcwoitBof  iodm. 


UO.  Acme  Acio. 
Acetate  of  I 


-taiyte. 


line. 


-copper 
letd.. 


51 

147 
197 

«n 

51^? 

68^ 

99i» 

83^ 

79.5 

129.5 

103.5 

71.5 

87.5 

87.5 

93.5 

118.5 

183 

163.5 

13li 

S59.5 

168.8 


t? 


Sq«iT«kBt| 


CQHPOBlTIOir. 


119frA.4-»& 
n9B.A.4>S>^ 

119  a  A. -flit  a  u 


61.5A.A.+1'' 

51.5  A.  A.  4-48  P. 
51.5A.A.-fSS. 
513  A.  A. +38  L. 

513  A.  A.  4-79  B- 
513A.A.4-5t& 

613A.A.4-»^ 
513A.A.4^aiL 
5l3A.A.-h360.t 
51.5A.A.-f42  0.Z. 
51.5  A.  A.  467  0.  T. 
10SA.A^80Pm».C. 
513A.A.+1UO.  L. 
51.5  A.  A.-f80  O.  & 
51.5A.A.4-9naM. 
51.5  A.  A.  + 117.3  O.  a 


XXn.  FoBtftc  Aa»? ....  Probably  a  ojiiyuunH  of  Maiic  and  Aoetk  Acid^ 
taSL  Uiic  Acw? I  35?  I 
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Jiott  to  Seot.  46--p.  17. 

•  Two  yeun  ago,  when  Mr.  Bnnde  nibliiM  the  fint  edition  of  hit  Mtmml,  the  fttonic  dieoiT^coiild 
not  well  be  represented  at  an  faidependeDt  collection  of  facts,  and  miidi  lew  can  it  be  conndered  ao  at 
present.  The  doctrine  of  definite  proportkxis  is  now  satis&ctorily  established,  and  the  ntioof  combininf 
quantitjes  is  ibond  to  nroceed  in  such  reenlar  ptogresnon  that  many  of  the  phenomena  of  Chemistiy  maj 
be  aobmitted  to  celcniation,  and  some  oTit 


its  abetrasett  parts  elncidated  apon  mathemetical  i 

A  veiy  important  law  has  been  foond  to  gorem  Chemical  ccanhinBlinng,  in  yjrtne  of  wfaicli,whai  bodiet 


combine  in  dnfennt  proportians,  the  laiger  pitjportion  of  one  of  the  ingredients  has  a  sfanple  arithmetical 
ratio  to  the  lesser  pn^nraon:  llie  second  quantity  being  a  aonple  ranhmle  of  the  first,  and  If  there  is  a 
third  or  Iborth  proportion,  the  same  nth)  continuea  between  tiiem.  If  100  of  •  combhw  m  the  fint  pro- 
portion  with  8  of  6,  in  the  second  proportion  100  of  a  will  combhw  with  16  of  6,  in  the  third  with  24,  hi 
the  Iborth  with  32;  these  proportions  having  to  each  odier  die  simple  mtio  of  1, 2,  S,  4 

The  operetion  of  due  prmciple  appeared  with  striking  and  mstractiye  evidence  hi  the  tables  of  Dr. 


operetion  of  due  principle  appeared  with  striking  i 
Richler.  Thsy  were  fiumad  man  a  series  of  namerooa  experiments  on  the  reciprocal  decumpoaitlonof 
aalts,  and  show  the  wei|^t  of  each  base  capable  of  satnretmg  one  fanndred  ports  of  each  acict;  and  the 
weiglitofeedi  add,  capable  of  saturating  one  hondred  of  cadi  base.  He  direw  the  results  hitp  tablea» 
and  observed  OntmeOidMbaaas  and  die  acids  feUowtd  the  same  order :  andfiiHher  diatdie  numbert 


in  each  taUeoonstitnte  a  series,  having  the  same  ntio  to  each  odwr  hi  all  the  taUea.  Tlioi  supposhiffhi 
tliB  taUe  of  sdj^iatBs,  one  hundred  parts  of  add  were  satmrated  by  one  hundred  of  soda,  two  hundred  of 
potaesa  and  Uiree  hundred  of  bafyta;  then  m  die  tdile  of  nitntes  the  same  ntio  would  hold  cood,  and 

r  one,  two  ana  three. 


I  acid  will  satmateagivca 
jreightakoof  alltheodieradds.  Hence  numben  may  be  Mtac^ed  to  each  acid  and  to  each  base,  ladl- 
cating  dwwdidit  of  it,  which  will  satumte  the  numbe»atlachi4  to  all  die  other  adds  and  bases.  Upoo 
this  prindpla  ekmentary  works  on  Chemistiy  conlain  tables  of  dib  representative  numben  of  bodisi; 

Mr.  Higgina  in  1799,  pnbliabeddiat  Chemical  attractnn  only  prevailed  between  die  ultimate  particls 
of  ahnple  ekmentary  matter,  and  between  compound  atoms.  Mr.  DaWoa  hi  1804  greedy  developed  andt 
improved  this  doctrine,  and  smce  then  some  of  me  most  eminent  Chemical  ^losophen  have  directed  their 
attention  to  the  definite  nroportiona  hi  which  bodiea  unite  that  form  saveralvompoands.  Seventy  parts  of 
potash,  for  eiampie,  unne  U»  diiity  of  carbonic  acid,  and  to  sixty^,  but  not  to  aty  intennediate  proportional 
whtti  two  bodies  combine  only  in  one  proportian,  the  most  rimple  supposition  Ih.  that  they  oombme  atom 
to  atom  ringly,  diet  is,  one  atom  of  the  one  with  one  atom  of  the  odier ;  when  may  combine  hi  two  no* 
portions,  it  asay  be  supposed  that  the  first  combination  ia  that  of  one  atom  of  the  one  with  one  atom  oi  the 
other;  and  die  second  that  of  one  atom  of  die  one  wxdi  twoof  theodiar;  mthe  thhd  of  one  atom  wHh 
three,  Ac. ;  and  no  combmations  in  proportions  different  from  these  will  esist 

Thesameh  *  '       -    -     -*  -  . 

had  observed, 
isexacdyhalf 
decompaitinn, 

acid  is  expelled  _  ,  .       „  .       

'"*        '■  '      .  .-  la  expelled,  which  is  exacdy  equal  to  the 

e  carbonic  add  hi  two  proportioni,  of  iriiich 

jjuat  double  the  odMr. 

Gay-Lnasao  afieiwardaobaerved  a  relation  ki  the  comhmationB  of  aerial  bodies  widi  each  other,  which 
is  obvioaaly  theTcault  of  the  same  law.  It  had  been  remarked  m  some  few  casea,  that  gases  oombfaie  hi 
shnple  proportiona;  for  example,  of  eoual  volumes,  or  of  two  volumes  of  one  with  one  vdnme  of  anotharp 
Thia  last  caaa  had  in  particular  been  omerved  in  die  confahiatian  of  the  elenienta  of  water.  Tfabindnced 
hhn  to  eiamhie  ettier  combinations  of  this  claas  of  bocHea,  and  hb  investigations  led  to  the  general  concl» 
sion,  that  bodiea  m  dia  asrial  form  combfaw  hi  ratioa  the  moat  aunpla,  thoaa  of  1  to  1»  of  I  to2,orof  1  la 
3,  ^.  in  vohmes. 

This  view  of  the  subject  has  one  peculiarity.  Wlm  the  proportions  of  the  elements  of  a  compound 
are  estimated  by  wei|^t,  there  b  no  sunple  expreaBibHproportian  between  them  m  tfato  first  coashmation. 
It  b  only  when  there  is  a  second  combbatioo  of  the  same  elements,  diet  the  ad^tional  portion  of  one  of 
them  b  a  multiple  of  the  fint:  but  m  elastic  fluids,  even  m  die  firet  combhiation,  the  two  ebmanta  have  a 
certam  sfanpb  proportion  to  each  odier. 

Benelhis  has  generalised  the  vbw  given  by  Gay-Lussac.  Eveiy  body  is  convertible,  or  may  be  sop- 
poaed  convertible,  into  the  gaseous  state ;  and  all  bodiea,  he  supposes,  coroUne  m  smqile  proportiont, 
eitiniated  by  vdume,  hi  the  elastic  form.  Under  dib  mocUfication,  it  constitutes  what  he  caUa  dw  theory 
of  volumes. 

Anodier  relation  stitl  more  fanportant  and  more  comprehensive  was  brought  forward  b^  Bfr.  Dalton. 
If  it  be  admitted,  that  in  the  combfaiation  of  two  bodies  m  certam  proporuons,  they  nnite  atom  with 
atom  sui|;ly,  or  that  ther  unite  one  atom  with  two  atoms,  with  three,  or  with  any  number  of  atoms  then 
the  rebdve  weights  of  tneoe  atoms  may  be  inferred  from  the  relative  qoantitic<;  m  which  the  bodies  com- 
biaa;  for  hi  the  case  where  one  body  oonibuns  with  anodier  m  one  proportioo  only,  and  u  which  Mr. 


action  oif  a  stronc  add,  anodier  quantity  of  carbonic  add  i 
foimer;  apparenUy  pvovvg  thai  the  potash  combmea  widi  die 
tiie  one  biuat  double  the  odier. 
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JMlOQ  mmam  line  eanUBa^on  to  be  tfaAt  of  one  atom  of  the  one  with  oat  atom  of  die  o&er,  the  Wfisk 
«f  tStt  fttom  of  diese  bodies  nuft  be  u  the  quantittes  in  which  theyoombiiie,  sinoe,  bj  ths  mmmpam^ 
liiete  qeentitiet  ratpecthrely  contain  the  same  nianber  of  aftanuL  Tht&  eiemats  of  water,  far  evan^ 
oiygen  and  hjrdiqgea,  condbiBe  in  the  proportion  by  weight  (p.  78)  of  88J»  oxmn  nod  11.11  h^^iroraB. 
Ihat  ia  in  the  proportion  of  8  to  1.    The  combination,  it  la  aoppoaed,  consiaU  of  o—  atom  of  oBLjgea  WiA 


•na  of  hydw^fu ;  the  number  of  atoms  of  ox}-|^e&,  therefore,  in  the  qoanti^  of  it  wUch  calera  mk>  imkiv 

fitheqa 


and  the  nanSer  of  the  atoma  of  hydrogen  in  the  quantity  of  it  which  comhmee,  are  &e  aaaie :  heace  4e 
tieicht  of  Ml  atom  of  oijfm  mnit  be  to  thet  of  an  atom  of  hydro^rn  as  8  to  1 . 

THe  weighta  of  the  atoms  of  bodies,  it  is  obnous,  may  be  equally  inferred  from  combmadaaBa  of  thrs 
m  dSAowrt  pwyjrthMis,  if  these  are  hi  shnple  arithmetical  ratios  to  each  other.  Hmn  caoiMn  ferass  ce- 
condihialian  with  osynn  m  the  proportion  of  4114  caibon  to  S7M  oxygen  neari^  5  |Kr  cent;  or  raoe 
nccniately  as  61d  8.  This  is  aBwimfd  to  be  what  Mr.  Dalton  calls  a  binaiy  combatatmn,  or  tl^of  cu 
atom  of  the  one  body  with  one  of  the  other :  The  weight  therefore  of  an  atom  of  carbon  is  to  that  if  as 
atom  of  osygcn  as  6  to  8.  Bat  those  bodies  combine  also  m  the  proportian  of  27.23  caibon  to  72.77  obt- 
(«S  that  is  a  the  tmjpoilion  of  6  to  16.  This  is  mfened  to  be  a  conyoiind  of  an  atom  of  cnibon  wio 
two  atoms  of  osygcn:  Ite9na^y  fi9lk)ws  (ran  it,  theiefore,  that  the  wd^  of  an  atom  of  caibon  btofti! 
af  an  nkm  of  oxygen  as  €  n  to  8. 

In  thb  iTStem,  ahogetfaer  hidependent  of  the  hyputhesb  of  the  weights  of  die  alame  of  bodies^  is  an- 
plied  the  Ael,  tiMt  one  weight  or  a  body,  or  a  simple  multiple  of  that  weig^  win  ahrays  enter  into  m 
combhiations  m  relation  to  certam  nniibmi  weights  in  which  other  bodies  eombhie.  Hie  etonent  ^dn>- 
fen,  for  example,  enterii^  mto  oorthmation  as  I,  the  element  oatygen  will  enter  hito  oomihinaliaas  is  a 
aBantityas8.orsomasaimlemnltiideof  h;  caibon  as6;  sulpburaslS:  that  ii^  the  fiuaiiriifes m  which 
tee  bodies  enter  hitocombifaiadan  Witt  all  have  the  relation  of  theae  mndben,  or  of  nple  mddpksaf 
Iham  to  1,  danotii^  the  oaanlity  of  hydrogen,  and  of  oonne  will  have  tfaeas  relatloaBtocBdi  odier.  It  b 
IhisexporitknofmctiiAichitiBof  somnch  hn|iortance  to  tmoe,  whmever  opmioB  msj  be  fomssd  with 
mnrd  to  the  hypothesis  conMCtsd  with  it,  or  assoned  to  explam  it 

It  has  been  obiected  to  die  system  of  atomic  weights  that  the  adnusnonof  die  hct»  does  aotaBoeasBrily 
leadtoHsadoptioa.  It  may  be  adrntttad  that  combination  takes  place  boCween  two  bo&e  m  certain 
ixed  proportMns,  and  that  ttese  have  shnple  afldmietical  mtios,  die  larger  bem|^  a  simple  nnltinle  of  die 
■nallnr :  bat  it  does  not  thence  folkw  that  dw  fiiat  combination  is  that  of  atom  with  atoaB,and  that  die 
atharproportfaae  are  diom  of  one  atom  tn<wo»  three,  or  four.  It  ispooBble,thatinsisadofattracdiBbeiae 
axertsd  tan  atom  to  atom  indivlduallyt  »  oartam  nomber  of  atoBss  of  a  body  may  exert  Oe  nost  powerM 
A)roa,andeBtsrhitodwcQBdifaMith«itfamis;  and  all  diatisstrictfr  estdblnhedis,tfaatwfaaiefer  msnfatf 


Into  dM  fii«t  oombmatkm,  double  of  that  mndb^r  enter  mto  the  second,  wd  three  or 


Thetheoiyof  ataBH,itmMtbeoQnfesied,ishypodMticalasre]atastodiesnppoaitiaB  that  dhe  weights 
af  the  atoms  of  diflerent  bodies  are  to  each  other  as  are  the  weicht  of  an  i^KTCsatian  of"  thooe 
whan  they  fom  the  oonsdOients  of  a  compound.    But  no  bypotheni  csn  be  ■ 
nect  and  aooount  for  the  relations  of  compound  bocBes.    Nor  can  say  thiac  i 
•anactnemof  thedieoiTdian  dus,  dntt  what  Is  objectionable  hi  it  rauAf  i,by 


natural,  or  better  coih 


•«0B^  to  enadiBr,  wfaicfa,  wHheot  bemg  an  alteiatfen  of  dis  senae,  it  a  more  mhad  i  naiirtsi  of  the  fact. 
It  bthe  sttggeaIhA  of  die  late  Dr.  John  Mumy. 
He  ptofKisss  to  dsooto  that  qnaoti^  in  wUdi  a  body  enten  mto  corafainallaa,  comnared  with  oAer 
m  whkh  otiwr  bodies  cambme,  by  the  teres  Mei6mtnf>  OMonAii^.    This  WM  w9l  camtea  the 
[  (but  widiont  any  hypothesis)  as  Mr.  Dalton's  weight  of  an  atom,  or  as  a  volemn  m  me  hjpo- 
leneUm  and  Gay-Lnmac.    And  whedier  It  denotes  dw  wei^  of  a  ^ngle  paiticia,  or  of  a 
r  of  particles  which  always  go  to|;edier,  it  is  equally  proper  to  exprem  te  tact 


Berthollet*s  idea  that  die  acthMr  bodies  are  divided  among  eadi  other,  m  pwportauna  <iF|i>iitinc  anan 
dMir  reUdva  nessesaad  attnctiona,  has  been  ooaAbated  and  dispiofcd  by  Ftafi;  who  has  dbown  that 
tsrtiito  of  Ihaa  Is  oonpletehr  decompoasd,  by  adding  to  k  a  quantity  of  salplniik  acid,  exactly  i 
to  mtarate  die  UmeH  contains ;  wdm  die  same  way  he  haa  shown  diat  axalate  of  liad  it  deoo   . 
by  addhig najphmk  add  suffidsnt to  mtumts dm  oxldeaf  lead:  IntheaBcaam  pan tatme aad antic 

Hie  doctrine  of  BerthoDet  it  iacooBSteot  widil 


idi  die  hnportant  law,  a9  well  establadmd  "that  the  laigv 

portion  of  ne  of  die  mgredientt  hi  a  Chemical  compound  is  a  suaide  mnldple  of  die  ■nailer.*'    When- 

rtions  are  established,  and  the  law*  widi  rttaid  tottms  ob- 


aver  nMeiialattracdonsopemte,d^fadte  proportions  s , ^ 

aarecd;  bvt  where  attmctlons  are  weak,  combination  is  eidw  onlhaited,  or  if  it  take  pbee  ■  certain 
Muporthius,ditseawnotsofairariable  bnt  diat  odiew  may  be  totad.  fatfam  cmtiwcsnllividiat 
i»  qgtef  aif  tMrs  pnptily  nlitufi  dHA  ^fphiprtiona. 
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